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eee Katz, Professor Emeritus at 
niversity of Stockholm, died of 
hee heart attack on February 2, 
a, By those who attended the In- 
eo Congress of Psychology in 
nk olm in July, 1951, he will be re- 
Ei ered as the indefatigable organizer 
hits genial host of the congress. In the 
red of psychology his name will be 
4 ae with significant contributions 
es most every field of psychology, pure 
PR peeled and he will be cited as one 
z? is century’s outstanding exponents 
t A Psychological phenomenology. In 
Fa Penone of those who knew him 
eh ie him he will live as a gentle, 
e i, persistently curious about 
mM ing that had to do with human 
a re, brilliant in his intuitions, tire- 
fd in his research, unfailingly generous 
E in controversy. 

m o was born in Kassel, Germany, 
tion Ctober 1, 1884, His early educa- 
cations in Kassel, his university edu- 
ingen in Berlin, Munich, and Gött- 
red where he received his doctoral 
tee in 1906. In Göttingen he was 
pils As E. Miiller’s most brilliant pu- 
ant: 3 ee he became Miiller’s assist- 
ing We in 1911, Privat Dozent. Dur- 
Servos S War I he was called to army 
wards t or four years, returning after- 
during $ his post in Göttingen. It was 
complet T Göttingen period that he 
on the ed his now classic researches 
color Wi ian phenomenology of 
ut é n: began his less well-known 
qually significant work on touch. 


In 1919 he accepted the chair of psy- 
chology and education at the University 
of Rostock, where he developed what 
eventually became one of the most 
productive psychological laboratories in 
Europe. In 1933 the National Social- 
ist party came into power, and Katz, 
as a non-Aryan, was deprived of his po- 
sition. Fortunately his British friends 
were willing to provide hospitality and, 
for the next four years, first in Man- 
chester and later in London, he was able 
to pursue his scientific work. In 1937 
he accepted the chair of education (in- 
cluding psychology) at the University 
of Stockholm, where he remained until 
his retirement in 1952. 

Katz paid two visits to the United 
States, in 1929 as Visiting Professor at 
the University of Maine and in 1950 as 
Hitchcock Lecturer at the University of 
California. 

During his period as G. E. Müller’s 
assistant, Katz was fond of relating, an 
attractive young Russian girl was ad- 
mitted as a student. In reply to Katz’s 
query, Miiller characterized her as “eine 
Madonna mit einer Bombe.” Rosa 
Heine did not blow up the Institute, 
thereby failing to conform to Miiller’s 
stereotype of the Russian, but she 
speedily conquered Miiller’s assistant. 
Katz and Rosa Heine were married in 
1919. Numerous joint publications at- 
test to their productivity as a scientific „~ 
team. ‘Their two sons, now launched 
on their own professional careers, were 
made prematurely famous by their 
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parents’ book, Gespräche mit Kindern 
(1927). 

To review Katz’s contributions to 
psychology would be a major under- 
taking. As a scientist he had “green 
fingers.” He had but to touch a prob- 
lem, and it readily blossomed and bore 
fruit. His list of publications includes 
more than 100 titles, of which at least 
20 are substantial books and mono- 
graphs. Among these one finds con- 
tributions to animal, child, educational, 
abnormal, and social psychology, to the 
experimental psychology of perception, 
motivation, learning, and thinking, to 
systematic theory, and to laboratory in- 
‘strumentation. It may be that he scat- 
tered his energies too widely; certainly, 
not all his researches are of equal merit. 
It was his genius, however, to find in 
the commonplace observations of daily 
life problems which, when viewed in a 
larger context, became significant, and 
to make psychological capital out of 
every new experience with which good 
or bad fortune provided him. Thus, 
his wartime assignment to a military 
hospital led to a pioneer study of the 
psychological -problems of amputees, 
and later to the invention of a device 
for the training of students in the tech- 
nique of percussion; the feeding prob- 
lems of his children contributed to his 
interest in constitutional typology and 
in the theory of hunger and appetite; 
his own difficulty with the English and 
Swedish languages challenged him as a 
psychologist to do some experiments on 
problems of language and thinking. 

It was also his genius to find simple 
and inexpensive ways of attacking ma- 
jor problems. Katz belonged perforce 
to the cardboard and thumbtack school; 
but he never allowed a meager. budget 
to hamper his activity. In Rostock he 
was faced with the task of developing a 
research institute on an annual budget 
of approximately $125. Some of his 
problems required the use of animals. 


MacLeop 


He could not afford a regular animal 
laboratory; so-he bought some chicks. 
Out of his chicken yard came the well- 
known Hackgesetz, the studies of chick- 
ens reared in isolation, the studies of 
“counting” behavior in chickens, and 
the experiments that led to the “avid- 
ity” theory of appetite. While in Eng- 
land, lacking an adequate laboratory, 
he pursued his tactual researches by 
undertaking some assignments for the 
flour millers, who were concerned about 
the elasticity of their dough. When he 
arrived in Sweden, he was assigned a 
small apartment as a laboratory. The 
kitchen promptly became a workshop, 
the bathroom became a photographic 
darkroom, a fifteen-year-old boy served 
as technician, and with cardboard, 
thumbtacks, bathroom scales, and sticks 
of wood, the laboratory began to pro- 
duce research. When one thinks of 
David Katz, one wonders sometimes 
whether handsome budgets are a hin- 
drance or an aid to productivity. 7 

The frustrated graduate student in 
search ofa doctoral problem has but 
to thumb through a few of Katz’s pub- 
lications to find a wealth of inviting 
questions and challenging hypotheses 
that will draw him straight to the lab- 
oratory. The human hand as a unitary 
sense organ analogous to the eye, the 
composite photograph as a device for . 
the study of group characteristics, the 
sensory basis of the phenomenon of 
elasticity, the phantom limb of the am- 
putee, the ability of certain deaf people 
to appreciate music, and a host of other 
apparent byways of psychological in- 
vestigation were opened up by Katz 
and redirected towards the central prob- 
lem. It was characteristic of his rest- 
less curiosity, however, that he was fre- 
quently content to blaze the trail, be- 
queathing to another generation the task 
of exploiting it. 

The unity within Katz’s apparent di- 
versity of interest is to be found in his ~ 
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consistent application of the phenom- 
enological method. He was interested 
in the prediction and control, of behav- 
lor, in the social and biological deter- 
ao of behavior, in the tricky prob- 
ems of instrumentation, in the broader 
pees of psychological theory, but 
Š ehind it all was a persistent, a pas- 
sa curiosity about the world of 
me a For Katz the most fasci- 
ie thing to wonder about was a hu- 
ac experience. It might be ‘a simple 
Ps a sound, or the strange beauty of 
aon oe picture, or the peculiar sen- 
best re at accompany the crunching of 
ete between the teeth, or the ineffable 
oi epes of a cool draught of beer 
a day. All experience was 
Dot Ing to appreciate and to wonder 
iy For him the first task of the 
ie Ologist—not really a task, but a 
eee to observe and describe 
es ut bias both the salient character- 
ney i the subtle nuances of ordi- 
ey uman experience. Phenomenol- 
Be Gane him was essentially an attitude 
_ Ot “disciplined naiveté.” From descrip- 


tive 3 ee a 
ali analysis one proceeds to experiment 


- E: i theory, but no psychological the- 
excl de argued, could be complete if it 
uded any of the essential variables 

Kan experience. 
is oe psychological phenomenology 
and t exemplified in his studies of color 
bent Die Erscheinungsweisen der 
Disha) (1911+) and Der Aufbau ‘der 
Physi e (1925). Influenced: by the 
Pher oent Hering and the philoso- 
cholo Lusserl he insisted that the psy- 
« Bee should begin by deliberately 
„ and Site his physical, physiological, 
Diery ilosophical biases and attempt to 
Present, can as they are actually 
viene a. : The phenomenal world thus 
ships pen properties and relation- 
at escape the notice of the phys- 

1 

Later revised as Der Aufbau der Farbwelt 


(1930) > ; 
= The we and translated into English 
orld of Colour (1935). 


ically or physiologically oriented ob- 
server. The classical psychologist was 
content to order colors in terms of hue, 
brightness, and saturation; Katz saw 
them also varying in mode of appear- 
ance, pronouncedness, insistence, trans- 
parency, inherente, and stability. Clas- 
sical psychology was busily mapping the 
patterns of pressure, pain, warm, and 
cold spots on the skin, and searching for 
receptors; Katz went further, and ex- 
plored the active process of “touching” 
(tasten), discovering here, too, modes 
of appearance, properties of organiza- 
tion, and unsuspected kinds of sensitiv- 
ity. ‘It is unfortunate that, while his 
visual studies have been widely appre- 
ciated, his richly suggestive book on the 
world of touch has received relatively 
little notice. 

During recent years the word phe- 
nomenological has tended to expand its 
meaning. It is coming to suggest an 
easy-going, intuitive, sympathetic “see- 
ing the world as the other fellow sees 
it,’ an approach that permits one to 
take things at their face value and to 
avoid the rigors of experimentation and 
theory construction. This is definitely 
not the kind of psychological phenom- 
enology that Katz advocated. True, he 
was interested in the “fuzzy” aspects of 
experience; but for him the “fuzziness” 
of a phenomenon was no excuse for care- 
less observation or undisciplined think- 
ing. Good phenomenology, he held, re- 
quires at least as much training and 
discipline as does good Titchenerian in- 
trospection. Nor does phenomenology 
lead away from experimentation and 
theory; it is an essential first step in 
the direction of more imaginative ex- 
perimentation and sounder theory. 

Katz adhered to no “school” of psy- 
chology, nor—which is strange in a 
German of his generation—did he ever © 
attempt to found a school. In his sym- 
pathies he stood closest to the Gestalt 
theorists; indeed, his pioneer work on 
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phenomenal constancy must be regarded 
as basic to the Gestalt theory of percep- 
tion, and his more recent experiments on 
thinking belong in the Gestalt tradition. 
His interests were too varied, however, 
to fit neatly within any formal system, 
and we find him in his Gestaltpsycholo- 
gie (1944) expressing impatience with 
the narrowness of the Gestalt approach. 
Like Stern he believed that every part 
process must be understood ultimately 
in terms of the total person, but he 
lacked Stern’s compulsion to turn his 
personalism into a philosophy. With 
Jaensch he shared an interest in the pos- 
sibilities of typology, but for him typol- 
ogy was a problem for research rather 
than a revelation. He found merit in 
the developmental approach, both onto- 
genetic and phylogenetic, but he re- 
jected the extremes of both nativism and 
empiricism. He was willing to accept 


physiological evidence and to do physio- 
logical experiments when he felt that 
such would help to clarify a psychologi- 
cal problem, but he refused to accord to 
physiological constructs any unique ex- 
planatory value. 

It is perhaps best to think of Katz as 
essentially a pioneer, catholic rather 
than eclectic, ready to adapt to his pur- 
poses any tool, material or conceptual, 
that looks useful, but never forgetting 
the purpose for which he has selected 
it. For Katz there was a single purpose 
that persisted throughout his scientific 
life. It was, to put it in old-fashioned 
language, to understand the phenomena 
of the human mind. Those who see as 
a challenge to science all the phenomena 
of human mentality will find in Kata a 
kindred spirit. 

Rogert B. MacLrop 


Cornell University 
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THE PHYSIOLOGY OF MOTIVATION 


ELIOT STELLAR 
The Johns Hopkins University 


gone last twenty years motivation 
a? a central concept in psy- 
a sy. Indeed, it is fair to say that 
a “a it is one of the basic ingredients 
eine modern theories of learning, per- 
oc a y, and social behavior. There is 
Scio black in this noteworthy 
a Pea however, for the particu- 
ech of motivation which most 
Wimotet employ is based upon the 
is de ed model implied by Cannon in 
Giles an statement of the local the- 
TE fap and thirst (23). Can- 
nth eories were good in their day, 
k ee ro facts available on the physi- 
Roe asis of motivation demand that 
sau tna the older conceptualizations 
study ce new theories, not only in the 
the A A motivation itself, but also in 
5 othe, ication of motivational concepts 
ver areas of psychology. 
Ct SP a for a new theory of 
ashle ion has been made before by 
it is 7 (42) and Morgan (47). But 
Eise as impelling than ever today 
i egin so much of the recent evidence 
ical PH to fit into the general the- 
Suggested tamework which these men 
Pointed c, Both Lashley and Morgan 
Posed bee that the local factors pro- 
traction. Cannon (e.g., stomach con- 
Bt fens or dryness of the throat) are 
Pit ee | conditions for the arousal 
cred on behavior. Instead, they 
dumber os more inclusive view that a 
factors bs Sensory, chemical, and neural 
iological Operate in a complicated phys- 
ation ee that regulates moti- 
escribeq he crux of their theory was 
à central most recently by Morgan as 
a motive state (c.m.s.) built up 
$ of a by the combined influ- 
e sensory, humoral, and neu- 
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ral factors. Presumably, the amount of 
motivated behavior is determined by the 
level of the c.m.s. 

Beach (8, 11), in his extensive work 
on the specific case of sexual motivation, 
has amply supported the views of Lash- 
ley and Morgan. But the important 
question still remains: Do other kinds 
of motivated behavior fit the same gen- 
eral theory? As you will see shortly, a 
review of the literature makes it clear 
that they do. As a matter of fact, there 
is enough evidence today to confirm and 
extend the views of Lashley, Morgan, 
and Beach and to propose, in some de- 
tail, a more complete physiological the- 
ory of motivation. 

There are a number of ways to pre- 
sent a theoretical physiological mecha- 
nism like the one offered here. Perhaps 
the best approach is to start with an 
overview and summarize, in a schematic 
way, the major factors at work in the 
mechanism. Then we can fill in the de- 
tails by reviewing the literature relevant 
to the operation of each factor. Some 
advantage is lost by not taking up the 
literature according to behavioral topics, 
that is, different kinds of motivation. 
But the procedure adopted here lets us 
focus attention directly on the theory 
itself and permits us to make some very 
useful comparisons among the various 
kinds of motivation. Once the theoreti- 
cal mechanism and the evidence bearing 
on it are presented, the final step will 
be to evaluate the theory and show what 
experiments must be done to check it 


and extend it. 


THEORETICAL SCHEME 


A schematic diagram of the physio- 
logical mechanism believed to be in con- 
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trol of motivated behavior is shown in 
Fig. 1. The basic assumption in this 
scheme is that the amount of motivated 
behavior is a direct function of the 
amount of activity in certain excitatory 
centers of the hypothalamus. The ac- 
tivity of these excitatory centers, in 
turn, is determined by a large number 
of factors which can be grouped in four 
general classes: (a) inhibitory hypo- 
thalamic centers which serve only to 
depress the activity of the excitatory 
centers, (b) sensory stimuli which con- 
trol hypothalamic activity through the 
afferent impulses they can set up, (c) 
the internal environment which can in- 
fluence the hypothalamus through its 
rich vascular supply and the cerebro- 
spinal fluid, and (d) cortical and tha- 
lamic centers which can exert excitatory 
and inhibitory influences on the hypo- 
thalamus. 

As can be seen, the present theory 
holds that the hypothalamus is the seat 
of Morgan’s c.m.s. and is the “central 
nervous mechanism” Lashley claimed 
was responsible for “drive.” Identify- 
ing the hypothalamus as the main inte- 
grating mechanism in motivation makes 
the experimental problem we face more 
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Fic. 1. Scheme of the physiological factors 
contributing to the control of motivated be- 
havior. (See text.) 


specific and more concrete than ever 
before. But it also makes it more 
complicated, for the physiological con- 
trol of the hypothalamus is exceedingly 
complex. The influence of the internal 
environment on the hypothalamus is 
changing continuously according to nat- 
ural physiological cycles, and of course 
it may often be changed directly by 
the chemical and physical consequences 
of consummatory behavior (see Fig. 1). 
Sensory stimuli may also have varied 
effects on the hypothalamic mechanism, 
depending upon their particular pattern, 
previous stimulation, previous learning, 
sensory feedback from the consumma- 
tory behavior itself, and the influence 
the internal environment has already ex- 
erted on the hypothalamus. Similarly, 
the influence of the cortex and thalamus 
will add to the hypothalamic activity 
already produced by sensory stimuli and 
the internal environment. Presumably, 
these cortical and thalamic influences 
may result directly or indirectly from 
sensory stimulation, but they may also 
be controlled partly by the “upward 
drive” of the hypothalamus itself (43)- 
Then, to complicate the picture even 
more, there are the inhibitory centers 
of the hypothalamus which are also con- 
trolled by the various internal changes; 
sensory stimuli, and cortical and tha- 
lamic influences. These centers, pre- 
sumably, depress the activity of the ex- 
citatory centers and, therefore, attenU- 
ate their output. 

Fortunately, this mechanism is not 
as formidable against experimental at- 
tack as it might appear. The basic e% 
perimental approach is to isolate the 
controlling factors in any type of m0- 
tivation and determine their relative 
contributions to hypothalamic activity: 
As you will see, a number of experimen” 
tal techniques like sensory deprivatio™ 
hormone and drug administration, cort™ 
cal ablation, and the production of sub” 
cortical lesions may be used fruitfully 
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to isolate these factors. But that is only 


half the problem. Obviously, the fac- 
tors controlling hypothalamic activity 
and motivation do not operate in isola- 
ee In fact, it is quite clear that their 

ences interact. Therefore, it be- 
aod an equally important problem to 
ee es the relative contribution of 
: actor while the others are operat- 

& Over a wide range of variation. 


EXPERIMENTAL EVIDENCE 


pas, into the literature bear- 
etor the operation of each of these 
fot ii a control of motivated behav- 
tint dn help to raise a few questions 
oa ught to be kept in mind while 
Ate <i i the experimental evidence. 
cit i. different hypothalamic centers 
Seem each kind of motivation? 
tick th e hypothalamus exert its influ- 
4 eee se direct control of the final 
a SE as: or does it simply have 
trolled Fa effect on effector paths con- 
System? y other parts of the nervous 
in the Do all these factors operate 
iñ Wage of each type of motiva- 
stimuli ran there cases where sensory 
tant a or example, may not be impor- 
environ where changes in the internal 
A aa do not contribute? Can 
trol of e mechanism describe the con- 
Consum motivation measured by simple 
earnin atay behavior, preference, and 
volved Are the same mechanisms 1n- 
Gee the control of simple, biologi- 
tives? ves and complex, learned mo- 
itera thalamic centers. Review of the 
Us in re on the role of the hypothala- 
eral co motivation brings out three gen- 
aaea sions, (a) Damage to re- 
eads to p ea of the hypothalamus 
el tiking changes in certain kinds 
Parts of a behavior. (b) Different 
l different. hypothalamus are critical 
es kinds of motivation. (c) 
are both excitatory and inhibitory 


centers controlling motivation in the 
hypothalamus; that is, damage to the 
hypothalamus can sometimes lead to an 
increase in motivation and sometimes a 
marked decrease. 

The evidence bearing on these three 
points can be summarized briefly. Many 
experiments have shown that restricted 
bilateral lesions of the hypothalamus 
will make tremendous changes in basic 
biological motivations like hunger (16, 
22), sleep (49, 50, 53), and sex (6, 18, 
20). Less complete evidence strongly 
suggests that the same kinds of hypo- 
thalamic integration is also true in the 
cases of thirst (61), activity (35), and 
emotions (5, 62). We have only sug- 
gestive evidence in the case of specific 
hungers (59). 

It is clear that there is some kind of 
localization of function within the hypo- 
thalamus although it is not always pos- 
sible to specify precisely the anatomical 
nuclei subserving these functions. The 
centers for hunger are in the region of 
the ventromedial nucleus which lies in 
the middle third of the ventral hypo- 
thalamus, in the tuberal region (16). 
(See Fig. 2.) Sleep is controlled by 
centers in the extreme posterior (mam- 
millary bodies) and extreme anterior 
parts of the hypothalamus (49, 50). 
The critical region for sexual behavior 
is in the anterior hypothalamus, between 
the optic chiasm and the stalk of the 
pituitary gland (18, 20). The center 
for activity is not clearly established, 
but seems to be adjacent with or over- 
lapping the centers for hunger (35). 
Finally, the centers for emotion are also 
in the vicinity of the ventromedial nu- 
cleus, perhaps somewhat posterior to 
the hunger centers and overlapping the 
posterior sleep center (50, 62). 

In at least two cases it is clear that 
there must be both excitatory and in- 
hibitory centers controlling motivated 
behavior. In the case of hunger, bilat- 
eral lesions in the ventromedial nucleus 
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Schematic drawing of the hypothalamus and its major neural connections. Adapted 


from W. R. Ingram’s diagram in Gellhorn (30) and D. B. Lindsley’s Figure 9 (43). 


QQ 
1 
Fr Cortex 
-_ Va 
QZ 
3 LZ 
— 
Sep. 
4 
Olf. Bulb 
g 
Pye Cortex 
Fic. 2. 
Abbreviations and Description of Pathways 
A.C. Anterior commissure 
Amyg. Amygdala E y 
Ant. Anterior thalamic nuclei 
Cingulate Gyrus Cortex of cingulate gyrus 
Dors, Teg. N. Dorsal tegmental nucleus 
Fr. Cortex Cortex of frontal lobe 
GP Globus pallidus 
Hab. Habenular nucleus of thalamus 
Hip. Gyrus Hippocampal gyrus 
IC Inferior colliculus | 
Mam. Mammillary nuclei + 


Med. Dorsal medial thalamic nucleus 


MFB Medial forebrain bundle 
N.V Motor nucleus, Vth nerve 
N.VIL Motor nucleus, VIIth nerve 
Olf. Bulb Olfactory bulb 

pt. X Optic chiasm 

He Posterior commissure 
Pit. Pituitary gland 
Pv. Paraventricular nucleus 
Pyr. Cortex Pyriform cortex 
Ret. Reticular formation 
SC Superior colliculus 
Sep. Septal nuclei 
So. Supraoptic nucleus 
Tub. Tuber cinereum 


- near the midline produce a tremendous 
amount of overeating (3, 16). Such a 
center is presumably an inhibitory one 
since removing it leads directly to an 
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increase in eating behavior. On the 
other hand, lesions 114 to 2 millimeters 
off the midline at the level of the ven- 
tromedial nucleus completely eliminate 


Tue Puystotocy OF MOTIVATION 9 


og behavior (3, 4). After such le- 
lons animals never eat again, so we 
Sa call such centers excitatory centers. 
oe this interpretation is the 
oe een J reported, that stimulating 
Sock sper centers in the waking cat 
Sn s implanted electrodes results in 
Orrea iE (27). The same sort of 
In ien turns up in the case of sleep. 
a ay hypothalamus, in the 
ows of the mammillary bodies, there 
rei ae centers or “waking” cen- 
esl on operate to keep the organism 
hoved a 50). When they are re- 
Sag z e animal becomes somnolent 
teror Ro stay awake. In the an- 
optic n spose around the pre- 
fer (49). eus, there is an inhibitory cen- 
animal ). When that is removed, the 
is constantly wakeful. 
om bs only an excitatory center has 
foe, ee in the case of sexual behav- 
Dituitars ateral lesions anterior to the 
ho eae eliminate all mating be- 
Yaika 8, 20), but no lesion of the 
PA ti Ty has ever been reported 
ual ioe ted in an exaggeration of sex- 
about ration; What little we know 
ventrom a center for activity near the 
also an e ial nucleus suggests that it is 
Ske excitatory center since lesions 
yn aee only inactivity and not 
emotion ivity (35). In the case of 
esions s, the picture is not yet clear. 
make ¢ near the ventromedial nucleus 
therefore, highly emotional (62), and 
it the ee center must be inhibitory. 
Ypothal ateral regions of the posterior 
esions 4 ‘te seem to be excitatory, for 
Purthern ere make animals placid (50). 
stein on direct stimulation of these 
Signs of regions produces many of the 
Tage reactions (52). 

light fe be some evidence that sheds 
itory h how the excitatory and inhib- 
erate ee centers may coop- 
In the he e regulation of motivation. 
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operate mainly through their effects on 
the excitatory centers. At least we 
know that when both centers are re- 
moved simultaneously the effect is in- 
distinguishable from what happens when 
only the excitatory centers are removed 
(3, 49). So it is convenient for present 
theoretical purposes to think of the in- 
hibitory center as one of the factors 
which influences the level of activity of 
the excitatory center. In fact, to specu- 
late one step further, it is worth suggest- 
ing that the inhibitory centers may con- 
stitute the primary neural mechanism 
regulating the satiation of motivation. 

Sensory stimuli, What effects do sen- 
sory stimuli have upon the hypothala- 
mus and how important are such stim- 
uli in the control of motivation? Some 
answer to the first part of this question 
is given by the schematic outline of hy- 
pothalamic connections shown in Fig. 2. 
Clearly the hypothalamus has a rich 
supply of afferents coming directly or 
indirectly from all the various sense or- 
gans. In fact the diagram is really an 
understatement of hypothalamic con- 
nections because it is an oversimplified 
and conservative representation. Physi- 
ological evidence shows, for example, 
that there must be connections from the 
taste receptors via the solitary nucleus 
of the medulla (36). Also there is evi- 
dence of rich connections from the vis- 
ual system via the lateral geniculate of 
the thalamus (36). There is no doubt 
about the fact that the hypothalamus is 
under very extensive sensory control. 

As to the sensory control of motiva- 
tion, there is excellent reason to believe 
that the stimuli which can set up im- 
pulses in these pathways to the hypo- 
thalamus are of particular importance. 
Perhaps the best example comes from 
the study of sexual behavior (11). The 
consensus of a group of studies on dif- 
ferent mammals is as follows. Sexual 
behavior is not dependent upon any sin- 
gle sensory system. Extirpation of any 


10 ELIOT STELLAR 


one peripheral sense organ has no appre- 
ciable influence on the arousal and exe- 
cution of sexual behavior. If two sen- 
sory avenues are destroyed, however, 
sexual behavior may be eliminated, 
especially in the case of the naive ani- 
mal. With experienced animals, inter- 
estingly enough, it may take destruction 
of three sensory systems. But in nei- 
ther case does it matter what combina- 
tion of sensory systems is eliminated. 
We can conclude, therefore, that it is 
the sum total of relevant sensory im- 
pulses arriving at the central nervous 
system (hypothalamus) that is impor- 
tant in setting off sexual behavior. 

Kleitman’s analysis of sleep and 
wakefulness shows that the same kind 
of sensory control operates in this case 
(38). Wakefulness seems to be de- 
pendent upon the sum total of sensory 
impulses arriving at the waking center 
in the posterior hypothalamus, regard- 
less of the particular sensory systems 
involved. Direct support of this kind 
of view is offered by Bremer’s (14) 
physiological data which showed that 
maintenance of the waking rhythm of 
the brain is less a matter of any par- 
ticular sensory input and more a mat- 
ter of the amount of sensory input. 

What we know about hunger and 
thirst suggests that the amount of mo- 
tivated behavior in these cases should 
be a joint function of sensory impulses 
arising from gastric contractions or dry- 
ness of the throat and taste, tactile, and 
temperature receptors in the mouth. 
Unfortunately we have no sensory depri- 
vation experiments that are a good test 
of this point. But all the evidence on 
the acceptability of foods and fluids 
of different temperatures, consistencies, 
and flavoring suggests the joint opera- 
tion of many stimuli in the control of 
these types of motivation. 

So far, we have mentioned only stim- 
uli which arouse motivation. What 
stimulus changes could reduce motiva- 


tion and perhaps lead to satiation? 
There are three general possibilities: 
(a) a reduction in excitatory stimuli, 
(b) interfering or distracting stimuli 
that elicit competing behavior, and (c) 
“inhibitory” stimuli. It is easy to find 
examples of the first two types of stim- 
ulus changes and to guess their mech- 
anisms of operation in terms of the 
present theory. In the case of “inhib- 
itory” stimuli, however, all we have is 
suggestive evidence. For example, the 
fact that dogs with esophageal fistulas 
eat (37) and drink (1, 13) amounts 
proportional to the severity of depri- 
vation suggests that the stimuli which 
feed back from consummatory behavior 
might have a net inhibitory effect on 
motivation (see Fig. 1). Furthermore, 
some of the experiments on artificially 
loading the stomach suggest that a full 
gut may result in stimuli which inhibit 
further eating (37) or drinking (2, 
13) over and above the possibility that 
there might be no room left in the stom- 
ach or that gastric contractions are re- 
duced. 

In summary, we can state the follow- 
ing working hypotheses about the sen- 
sory factors which operate in the control 
of motivation. (a) No one sensory ave- 
nue is indispensable in the arousal of 
motivated behavior. Instead, sensory 
stimuli have an additive effect on the 
excitability of the hypothalamus sO 
that it is the sum total of relevant 
impulses arriving at the excitatory cen- 
ters of the hypothalamus that determine 
the amount of motivated behavior. (b) 
Judging from the resistance of experi- 
enced animals to the effects of sensory 
deprivation in the case of sexual moti- 
vation, it seems clear that excitatory i» 
fluences in the hypothalamus may Þe 
exerted by learned as well as unlearne 
stimuli. (c) There are afferent impulses 
to the hypothalamus which have a net 
inhibitory effect on the excitatory ce? 
ters and thus serve to reduce motivatio? 


Tue PHYSIOLOGY OF MOTIVATION 11 


or produce satiation. The best guess at 
present is that these “inhibitory” stim- 
uli operate by exerting an excitatory in- 
fluence on the inhibitory centers of the 
hypothalamus. Presumably, impulses to 
inhibitory centers have the same kind 
of additive properties as impulses to the 
excitatory centers. 

Internal environment. That the in- 
St environment plays an important 
i e in certain kinds of motivated be- 
a is a well-established fact. Two 
ei questions must be asked, how- 
oR ad we can understand much 
aoe how the internal environment 
fist its work. What kinds of changes 
le occur in the internal environ- 
ont are the important ones in motiva- 
beet How do changes in the internal 
P ronment influence the nervous sys- 

m and, therefore, motivated behavior? 
an of the present theory, we 
he expect the internal environment 
the Perate in motivation by changing 

excitability of hypothalamic centers. 

is is a reasonable expectation, for the 
2 oe is the most richly vascu- 
syst region of the central nervous 

em (24), Not only that, but the 
eae is also in direct contact 
ares cerebrospinal fluid in the third 

icle. 

ba case of sexual behavior again 
ments an excellent example. Experi- 
and es the spayed, female cat (6, 17) 
a pai female guinea pig (28) 
must D own that hypothalamic regions 
jected e intact and functioning if in- 
tois R hormones are to arouse es- 

i ehavior. If a section is made 

at the spinal cord only rudimen- 
be eee of sexual behavior can 

eo by appropriate stimulation, 
tri Sie sex hormones make no con- 

3 ee to the response. Essentially 
made ii pug is true if the section is 
cludes T in the hind brain but ex- 
ecereb € hypothalamus. When the 

ebration is just above the hypo- 


thalamus, full estrous reactions can be 
aroused by appropriate stimulation, but 
only if sex hormones have been admin- 
istered. It is clear, then, that not only 
is the hypothalamus the main integrat- 
ing center for sexual reactions, but it 
is also most likely the main site of ac- 
tion of the sex hormones. This point 
is further supported by studies of female 
guinea pigs with pinpoint lesions of the 
anterior hypothalamus. These animals 
fail to show sexual behavior even under 
the influence of massive doses of sex 
hormones (19). 

A very similar mechanism seems to 
be involved in the case of motivated be- 
havior dependent upon the organism’s 
defenses against temperature extremes 
(activity, nesting, hoarding, selection of 
high-calorie diets). We know, for ex- 
ample, that reactions regulating body 
temperature in the face of heat and cold 
are integrated in two separate centers 
in the hypothalamus (15, 51). Lesions 
in the anterior hypothalamus destroy 
the ability to lose heat and, therefore, 
to survive in high temperatures. Pos- 
terior hypothalamic lesions, conversely, 
result in a loss of heat production mech- 
anisms sO that the animal succumbs to 
cold. Furthermore, artificially raising 
the temperature of the anterior hypo- 
thalamus will quickly induce heat loss, 
suggesting that normally the tempera- 
ture of the blood may be important 
in activating the hypothalamic mecha- 
nisms (15, 44). Unfortunately our in- 
formation stops here. There are no 
direct physiological studies on the role 
of these temperature-regulating mecha- 
nisms in the control of motivated be- 
havior like activity, hoarding, nesting, 
or food selection. But it seems clear 
that the temperature of the blood may 
be one of the kinds of changes in the 
internal environment that can aifect the 
hypothalamus, and it may be important 
in motivated behavior. 
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Ample evidence demonstrates that 
there are important changes in the in- 
ternal environment involved in other 
kinds of motivated behavior. In hun- 
ger it has been shown that chemicals 
like insulin (32, 33, 48) and d-ampheta- 
mine (57) influence the rate of eating. 
It is clear that these chemicals do not 
operate primarily through their effects 
on gastric contractions, but it is only 
by a process of elimination that we can 
guess that their sites of action are in 
the hypothalamus. Supporting this pos- 
sibility is the evidence that there are 
chemoreceptors in the hypothalamus 
which are sensitive to variations in 
blood sugar and important in the regu- 
lation of hunger (45). In the case of 
specific hungers, much evidence shows 
that food preference and diet selection 
depend upon changes in the internal en- 
vironment produced by such things as 
pregnancy, dietary deficiencies, or dis- 
turbances of endocrine glands (54). 
Furthermore there are some preliminary 
experimental data, in the case of salt 
and sugar appetites, to suggest that 
there are separate regulatory centers in 
the hypothalamus which are responsive 
to changes in salt and sugar balance 
(59). Finally, in the case of thirst we 
know that a change in osmotic pressure, 
resulting from cellular dehydration, is 
the important internal change leading 
to drinking behavior (31). We know 
further that in the hypothalamus there 
are nerve cells, called “osmoreceptors,” 
which are extremely sensitive to minute 
changes in osmotic pressure (61). But 
the direct experiment has not been done 
to check whether or not it is these nerve 
cells which are mainly responsible for 
the control of thirst. 


1JIn a recent publication, Anderson of Stock- 
*,0lm has shown that injection of small quan- 
tities of hypertonic NaCl directly into re- 
stricted regions along the midline of the hy- 
pothalamus produces immediate and extensive 
drinking in water-satiated goats. (Anderson, 


Obviously the experimental evidence 
on hunger, specific hunger, and thirst 
is incomplete. But enough of it fits 
into the scheme of the theoretical mech- 
anism proposed here to suggest the real 
possibility that the internal changes im- 
portant in these cases operate largely 
through their effects on the hypothala- 
mus. 


One question still remains. What 


“role does the internal environment play 


in the mechanism of satiation? About 
all we have to go on at present is the 
very striking fact from the case of 
specific hungers that vastly different 
amounts of consummatory behavior are 
needed to bring about satiation for dif- 
ferent food substances. In vitamin de- 
ficiencies only a few milligrams of sub- 
stance need be consumed to produce 
satiation, whereas in caloric deficiencies 
many grams of carbohydrate, fat, or 
protein must be ingested. Presumably, 
it is not the sensory feedback from con- 
summatory behavior that is important 
in these cases, but rather some’ inhibi- 
tory effects produced by what is con- 
sumed (Fig. 1). Within the present 
theoretical framework, such inhibitory 
effects could be produced either by de- 
pression of excitatory centers of the 
hypothalamus or by arousal of activity 
in inhibitory centers. The problem is 
an important one and it is wide open 
for study. 

It is clear from the foregoing that 
many types of motivated behavior are 
dependent upon changes in the internal 
environment. Several points are worth 
emphasizing. (a) A variety of kinds 
of changes in the internal environment 
can play a role in the regulation of mo- 
tivation: variation in the concentration 
of certain chemicals, especially hor- 
mones, changes in osmotic pressure, and 


B. The effect of injections of hypertonic 
NaCl-solutions into different parts of the hy- 
pothalamus of goats. Acta Physiol. Scand., 
1953, 28, 188-201.) 
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changes in blood temperature. (b) The 
best hypothesis at present is that these 
internal changes operate by contribut- 
ing to the activity of excitatory hypo- 
thalamic centers controlling motivation. 
(c) An equally important but less well- 
supported hypothesis is that internal 
changes, normally produced by con- 
summatory behavior, operate in the pro- 
duction of satiation by depressing ex- 
Citatory centers or arousing inhibitory 
centers of the hypothalamus. 
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some very recent experiments with cats 
disagree somewhat with these findings in 
showing that similar old cortex removals 
lead to placidity rather than ferocity. 
The disagreement is yet to be resolved, 
but at least it is clear that different 
parts of the cortex may play different 
roles in the control of emotion, certain 
parts being inhibitory and others excita- 
tory. 

In the case of sleep, it appears so far 
that the cortex and thalamus play ex- 
citatory roles, perhaps having the effect 
of maintaining the activity of the wak- 
ing center in the posterior hypothala- 
mus. Decortication in dogs, for exam- 
ple, results in an inability to postpone 
sleep and remain awake for very long, 
or, as Kleitman puts it, a return to poly- 
phasic sleep and waking rhythms (38, 
39). Studies of humans, moreover, 
show that even restricted lesions of the 
cortex or thalamus alone can result in 
an inability to stay awake normally 
(25, 26). But no inhibitory effects of 
the cortex in sleep have yet been un- 
covered. 

In sexual behavior it has been found 
that lesions of the new cortex may inter- 
fere directly with the arousal of sexual 
behavior (9, 11). Large lesions are 
much more effective than small lesions, 
as you might expect. Furthermore, cor- 
tical damage is much more serious in 
male animals than in females and is 
much more important in the sexual be- 
havior of primates than it is in the case 
of lower mammals. On the other hand, 
in connection with studies of the cortex 
in emotions, it has been found that le- 
sions of the amygdala and transitional 
cortex of the midline can lead to height- 
ened sexuality in cats and monkeys (7, 
40). So it looks as though the cortex 
may exert both excitatory and inhibi- 
tory influences in sexual motivation. 

Evidence from other types of moti- 
vated behavior is only fragmentary, but 
it fits into the same general picture. In 
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the case of hunger, it has been reported 
that certain lesions of the frontal lobes 
will lead to exaggerated eating behavior 
(41, 55). Hyperactivity may follow 
similar frontal lobe lesions and is par- 
ticularly marked after damage to the 
orbital surface of the frontal lobe (56). 
The frontal areas may also be involved 
in what might be called pain avoidance. 
Clinical studies of man show that lobot- 
omies may be used for the relief of in- 
tractable pain (29). The curious thing 
about these cases is that they still report 
the same amount of pain after operation 
but they say that it no longer bothers 
them. Presumably the frontal cortex 
normally plays an excitatory role in the 
motivation to avoid pain. 

In all the cases cited so far, the 
anatomical and physiological evidence 
available suggests strongly that the 
main influence of the cortex and thala- 
mus in motivation is mediated by the 
hypothalamus. But we do not yet have 
direct proof of this point and need ex- 
periments to check it. 

Interaction of factors. Up to now, 
we have treated the various factors that 
can operate in the control of motivated 
behavior singly. However, one of the 
main points of the theory proposed here 
is that the various factors operate to- 
gether in the control of motivation. 
Presumably this interaction of factors 
occurs in the hypothalamus and takes 
the form of the “addition” of all ex- 
citatory influences and the “subtrac- 
tion” of all inhibitory influences. Some 
experimental evidence bears directly on 
this point. 

In the case of sexual behavior, for 
example, it is clear that excitatory in- 
fluences of the cortex and hormones are 
additive. After sexual motivation is 
eliminated by cortical damage it may 
. be restored by the administration of 
large doses of sex hormones (10). Since 
the hypothalamus is the site of action 
of the sex hormones, it seems likely that 


it is also the site of interaction of the 
influences of the hormones and cortex. 

In a similar way, it looks as though 
the contributions of sensory stimulation 
and sex hormones add in the hypothala- 
mus. Neither hormones nor stimulation 
alone is sufficient to elicit sexual reac- 
tions in most mammals, but the right 
combination of the two will. Still an- 
other example of the addition of ex- 
citatory influences is seen in the study 
of the sexual behavior of the male rab- 
bit. In this case neither destruction of 
the olfactory bulbs nor decortication 
will eliminate mating behavior, but a 
combination of the two operations will 
(21). 

It is very important to know whether 
excitatory, and perhaps also inhibitory, 
influences in other kinds of motivation 
have the same sort of additive properties 
as in sexual behavior. Indirect evidence 
suggests they do, but direct experiments 
of the sort described here are needed to 
check the possibility. 

Most encouraging in this connection 
is that students of instinctive behavior 
in inframammalian vertebrates and in- 
vertebrates have presented considerable 
evidence showing that sensory, chemical, 
and neural influences contribute jointly 
to the arousal of many kinds of moti- 
vated behavior (60). For example, in 
a number of cases it has been show? 
that the threshold for arousing behav- 
ior by various stimuli is lowered con- 
siderably by appropriate changes in 
the internal environment. In fact, in 
the extreme case, when internal changes 
are maximal, the behavior may occur 
in the absence of any obvious stimu- 
lation. Presumably in these cases, 45 
in the examples of mammalian moti- 
vation, chemical and neural influences 
contribute to the arousal of some cen- 
tral response mechanism in an additive 
way. 

The role of learning. It is obvious tO 
every student of mammalian motivation 
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tain flavors that have been associated 
with the vitamin in the past (34, 58). 
In fact, for a short while they will even 
pass up food containing the vitamin to 
eat vitamin-deficient food containing the 
flavor. Again, it looks as though flavor 
has become empowered by a process of 
learning to contribute to the excitabil- 
ity of the neural centers controlling 
motivation. 


LIMITATIONS OF THE THEORY 


Like any theoretical approach, the 
physiological mechanism proposed here 
has many limitations. Fortunately none 
of them need be too serious as long as 
it is recognized that the theory is set 
up as a general guide for experiments 
and a framework for further theorizing. 
Obviously the theory is going to have 
to be changed and improved many times 
before it is free of limitations. In this 
spirit it might be said that the limita- 
tions of the theory are not much more 
than those aspects of motivation which 
need research the most. But whether 
we label them limitations or urgent 
areas of research, they deserve explicit 
attention. 

The concept of “center.” Through- 
out this discussion the terms “neural 
center” and “hypothalamic center” have 
been used. “Center” is a useful and 
convenient term, but it is also a dan- 
gerous one, for it may carry with it the 
implication of strict localization of func- 
tion within isolated anatomical entities. 
Actually this implication is not in- 
tended, for it is recognized that localiza- 
tion is a relative matter and that no 
mechanism operates in isolation. 
Furthermore, it is also possible that 
there may be no discoverable localiza- 
tion of the neural mechanisms governing 


neural 


some t 
theory simply states at the moment that 


the best general hypothesis is that some 
degree of localization of the mechanisms 


ypes of motivated behavior. The.. 
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controlling motivation can be found in 
the hypothalamus. 

Execution of motivated behavior. No 
attempt has been made in this discus- 
sion to describe the details of the ef- 
ferent pathways or effector mechanisms 
responsible for the execution of moti- 
vated behavior. Discussion of the path- 
ways has been omitted because we know 
very little about them. About all we 
can do at present is to guess, from ana- 
tomical and physiological studies of hy- 
pothalamic function, that the hypothal- 
amus exerts some kind of “priming” 
effect on effector pathways controlled 
by other parts of the nervous system. 
Perhaps after the relationship of the 
hypothalamus to motivated behavior 
has been more firmly established we can 
profitably turn to the question of how 
the hypothalamus does its work. 

A second aspect of the execution of 
motivated behavior has been omitted 
for the sake of brevity. We all recog- 
nize that an animal with certain kinds 
of cortical lesions, or deprived of cer- 
tain sensory capacities, may be handi- 
capped in executing motivated behavior 
quite aside from any effects these op- 
erations may have on the arousal of 
motivation. Fortunately most investi- 
gators have been aware of this problem 
and have taken pains to distinguish 
these two effects, focusing their atten- 
tion mainly on the arousal of motiva- 
tion. Some day, however, this theory 
should address the question of what 
neural mechanisms govern the execution 
of motivated behavior. 

General nature of the mechanism. 
For theoretical purposes it has been 
assumed that essentially the same mech- 
anism controls all types of motivated 
behavior. Obviously this is not likely 
to be the case, nor is it an essential 

„assumption. In some types of motiva- 
tion only parts of this mechanism may 
be involved, or factors not included in 
the present scheme may operate. For 


example, in some cases the hypothala- 
mus may not be involved at all, or it 
may turn out that there are no inhibi- 
tory centers at work, or that internal 
chemical factors do not contribute sig- 
nificantly. There is no reason why 
we should not be prepared for these 
eventualities. But until specific ex- 
perimental evidence to the contrary 
is forthcoming, the general mechanism 
proposed here still remains as the best 
working hypothesis for any particular 
type of biological motivation. 

Inadequacy of behavioral measures. 
To a large degree the present discussion 
is based upon measures of consumma- 
tory behavior. We all know that the 
various measures of motivation are not 
always in good agreement, so there is 
good possibility that what we say about 
consummatory behavior may not apply 
to motivation measured by other meth- 
ods. In fact, Miller, Bailey, and Ste- 
venson (46) have recently shown that 
whereas rats with hypothalamic lesions 
overeat in the free-feeding situation, 
they do not show a high degree of moti- 
vation when required to overcome some 
barrier to obtain food. 

Confining the present discussion 
mainly to consummatory behavior is 
clearly a weakness. But the logic be- 
hind this limited approach is to work 
out the physiological mechanisms in the 
simplest case first, and then to see how 
they must be revised to fit the more 
complicated cases. 

Complex motivation. It can also be 
argued, of course, that the present the- 
ory is confined to the simple, biological 
motives. Again, it seems eminently ad- 
visable to keep the theory relatively nar- 
row in scope until it is developed well 
enough to permit attack on the more 
complicated, learned motives. 

Comparative approach. No attempt 
has been made here to make it explicit 
how the proposed theory applies to or- 
ganisms representative of different phy- 
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logenetic levels. There are many ob- 
vious advantages to the comparative 
approach, but unfortunately, except for 
the case of sexual motivation, the in- 
formation we have on different species 
is too scattered to be useful. Judging 
from what we have learned from the 
oe study of sexual motivation, 
Si we can expect the various fac- 
S governing other types of motivation 

to contribute somewhat differently in 
oo at different phylogenetic levels. 
ertainly learning should be more im- 
ta in primates than in subprimates, 
cet e contributions of the cortex and 
be mus should be greater. Much will 
tio ERS if future research in motiva- 
in ollows the excellent example set 
the study of sexual behavior and pro- 


Vides the much needed comparative 
data, 


ADVANTAGES OF THE THEORY 


Tee the assumption that none of these 
it ie of the theory are critical, 
tins appropriate to ask: What is 
ory ed by proposing an explicit the- 
filet od the physiological mechanisms 
sire ao motivated behavior? — There 
tion any positive answers to this ques- 
brief and we can list some of them 
y. 

Simplification of the problem. One 
the main advantages of the theoreti- 
ina chanism proposed here is that it 
Work together, into one general frame- 
motiy a number of different kinds of 
ratel ation that have been studied sepa- 
ory Y in the past. Certainly the the- 

e pcompasses the basic facts avail- 
thirst S sex, hunger, specific hunger, 
also p sleep, and emotion. And it may 
avoid e able to handle the facts of pain 

a mene hoarding, nesting, maternal 
instineti , and other types of so-called 
One of ive behavior. As you have seen, 
kind of the benefits deriving from this 
Tot} Simplification of the problem of 

vation is the possibility of speeding 


cal 


up progress by applying what has been 
learned about physiological mechanisms 
from the study of one kind of motiva- 
tion to the study of other kinds of moti- 
vation. Not only that, but the assump- 
tion that the hypothalamus is central 
in the control of all types of motivation 
may make it easier to explain the vari- 
ous types of interaction among motiva- 
tions that have shown up in many 
studies of behavior. 

Multifactor approach. Another ad- 
vantage of the present theory is that it 
gives strong emphasis to the view that 
motivation is under multifactor control. 
Single-factor theories, so prevalent since 
the days of Cannon, can only lead to 
useless controversies over which factor 
is the “right” one and must always 
be guilty of omission in trying to ac- 
count for the control of motivation. 
Of course, it must be stressed that the 
aim of the multifactor approach is not 
simply to list the many possible factors 
operating in motivation, but rather to 
get down to the concrete experimental 
task of determining the relevant factors 
which control motivation and the rela- 
tive contribution of each. 

Satiation of motivation. Unlike most 
previous theories of motivation, the 
mechanism proposed here attempts to 
account for the satiation of motivation 
as well as its arousal. In terms of the 
present theory satiation is determined 
by the reduction of activity in the main 
excitatory centers of the hypothalamus. 
More specifically, it looks as though the 
inhibitory centers of the hypothalamus 
may constitute a separate “satiation 
mechanism” which is the most impor- 
tant influence in the reduction of the 
activity of the excitatory centers. The 
possibility is an intriguing one, and it 
can be directly explored by experiment. 

Peripheral and central control. In. 
the past the study of motivation has 
been hampered by the controversy over 
whether behavior is centrally or periph- 
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erally controlled. The controversy is 
nonsense. The only meaningful experi- 
mental problem is to determine how the 
central and peripheral, or sensory, fac- 
tors operate together in the control of 
behavior. It is this problem which the 
present theory addresses directly, and 
this is one of its greatest strengths. 

Learned and innate control. The 
present theory avoids another knotty 
controversy by directly addressing ex- 
perimental problems. Much time has 
been lost in psychology, and particularly 
in the study of motivation, in arguments 
over whether behavior is primarily in- 
nate or instinctive or whether it is pri- 
marily learned or acquired. The an- 
swer is obviously that it is both, and 
again the only meaningful experimental 
problem is to determine the relative con- 
tribution of each type of control. As 
far as the mechanism proposed here is 
concerned, both innate and learned fac- 
tors make their contributions to the con- 
trol of the same hypothalamic centers, 
There is still much work needed to de- 
termine the details of the mechanisms 
of operation, particularly of the learned 
factors, but some headway has been 
made and the problem is clearly set. 

Explicit nature of the theory. Fi- 
nally, a number of advantages derives 
simply from having an explicit state- 
ment of an up-to-date, physiological the- 
ory of motivation. In the first place, 
an explicit theory can serve as a con- 
venient framework within which to or- 
ganize the physiological facts we already 
have at our disposal. Second, the sys- 
tematic organization of the facts sharply 
points up many of the gaps in our 
knowledge and suggests direct experi- 
ments that should be done in the inves- 
tigation of motivated behavior, Third, 
an up-to-date, systematic theory pro- 
wides a useful and reasonably clear con- 
ceptualization of motivation for psy- 
chologists working in other areas of 
research. 


SUMMARY AND CONCLUSIONS 


A physiological theory of motivated 
behavior is presented. The basic as- 
sumption in this theory is that the 
amount of motivated behavior is a func- 
tion of the amount of activity in certain 
excitatory centers of the hypothalamus. 
The level of activity of the critical hy- 
pothalamic centers, in turn, is governed 
by the operation of four factors. 


1. Inhibitory centers in the hypothal- 
amus directly depress the activity of the 
excitatory centers and may be responsi- 
ble for the production of satiation. 

2. Sensory stimuli set up afferent 
impulses which naturally contribute to 
the excitability of the hypothalamus or 
come to do so through a process of 
learning. 

3. Changes in the internal environ- 
ment exert both excitatory and inhibi- 
tory effects on the hypothalamus. 

4. Cortical and thalamic influences 
increase and decrease the excitability 
of hypothalamic centers. 4 

Detailed experimental evidence is 
brought forward to show how these 
various factors operate in the manage- 
ment of different kinds of motivated 
behavior. The over-all scheme is shown 
diagrammatically in Fig. 1. 

Out of consideration of this evidence 
a number of hypotheses are generated 
to fill in the gaps in experimental knowl- 
edge. All these hypotheses are experi- 
mentally testable. The ones of major 
importance can be given here as a sum- 
mary of what the theory states and @ 
partial list of the experiments it sug- 
gests. 


1. There are different centers in the 
hypothalamus responsible for the con- 
trol of different kinds of basic motiva- 
tion. 

2. In each case of motivation, there 
is one main excitatory center and oné 
inhibitory center which operates to de- 
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press the activity of the excitatory cen- 
ter. 

There is already much experimental 
evidence supporting these two general 
hypotheses, but it is not certain that 
y apply fully to all types of basic 

iological motivation. The hypotheses 
should be checked further by deter- 
mining whether changes in all types 
of motivation can be produced by lo- 
a eo thalami lesions and whether 
aes increases and decreases in moti- 
ation can always be produced. 
ta ane activity of hypothalamic cen- 
ton es part, controlled by the excita- 
ee 7 ects of afferent impulses gen- 

: by internal and external stimuli. 
Ph prent stimuli contribute differ- 
Ea ative amounts to hypothalamic 
ati ity but no one avenue of sensory 

ieee is indispensable. 
telt is the sum total of afferent im- 
ee arriving at the hypothalamus that 
ti aS the level of excitability and, 

ore, the amount of motivation. 
hae par asegrens and neurophysi- 
t dlam evidence shows that the hypo- 
ents ¢ us 15 richly supplied with affer- 
all oe directly and indirectly from 

RaDa sense organs (Fig. 2). The be- 
e a evidence, furthermore, strongly 
trolled that motivation is never con- 
Sensor’ in mammals at least, by one 
heat, system, but rather is the com- 
sory ion of contributions of several sen- 
sory p Sere: Sensory control and sen- 
to ch €privation experiments are needed 
ih E this point in the case of most 
arly > biological motivation, particu- 
gers. unger, thirst, and specific hun- 
ee variety of kinds of physical and 
vir ae changes in the internal en- 
Ypothal influences the excitability of 
contrib amic centers and, therefore, 

ibutes to the control of motivation. 
thalam evidence shows that the hypo- 
regig us is the most richly vascularized 
n of the central nervous system and 


is most directly under the influence of 
the cerebrospinal fluid. Furthermore, it 
is clear that changes in the internal en- 
vironment produced by temperature of 
the blood, osmotic pressure, hormones, 
and a variety of other chemicals are 
important in motivation and most likely 
operate through their influence on the 
hypothalamus. Direct studies are still 
needed in many cases, however, to show 
that the particular change that is im- 
portant in motivation actually does 
operate through the hypothalamus and 
vice versa. 

7. The cerebral cortex and thalamus 
are directly important in the temporal 
and spatial organization of motivated 
behavior. 

8. Different parts of the cortex and 
thalamus also operate selectively in the 
control of motivation by exerting ex- 
citatory or inhibitory influences on the 
hypothalamus. 

Tests of these hypotheses can be car- 
ried out by total decortication, partial 
cortical ablations, and local thalamic 
lesions. It should be especially in- 
structive to see what effects cortical and - 
thalamic lesions have after significant 
changes in motivation have been pro- 
duced by hypothalamic lesions. { 

9. Learning contributes along with 
other factors to the control of motiva- 
tion, probably through direct influence 
on the hypothalamus. 

10. The relative contribution of 
learning should increase in animals 
higher and higher on the phylogenetic 
scale. J 
A whole series of experiments 15 
needed here. Particularly, there should 
be comparisons of naive and experienced 
animals to determine the relative effects 
of sensory deprivation, cortical and tha- 
Jamic damage, and hypothalamic le- 
sions. Presumably animals that have 
Jearned to be aroused to motivated be- 
havior by previously inadequate stimuli 
should require more sensory deprivation 
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but less cortical and thalamic damage 
than naive animals before motivation is 
significantly impaired. : 

11. The various factors controlling 
motivation combine their influences at 
the hypothalamus by the addition of 
all excitatory influences and the sub- 
traction of all inhibitory influences. 

Some experiments have already been 
done in the study of sexual motivation 
to show that motivation reduced by the 
elimination of one factor (cortical le- 
sions) can be restored by increasing the 
contribution of other factors (hormone 
therapy). Many combinations of this 
kind of experiment should be carried 
out with different kinds of motivated 
behavior. 

A number of the limitations and some 
of the advantages of the present theo- 
retical approach to the physiology of 
motivation are discussed. 
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M op ee reinforcement 
ihe ik as formulated by Hull (10), 
ey highly developed of current 
dim ck theories, has been the center 
eee h debate and controversy. Its 
i te reinforcement has been chal- 
a on by the latent-learning studies 
a 2), its conception of the response 
Bronte, attacked by place-learning 
of cae (27, 33), and its analysis 
ee ne learning has been 
adiere y questioned, both by the 
(16 “tag of noncontinuity theories 
titer ), and more recently by other 
Stier (28). Comparatively little 
thank ion, however, has been paid to 
eory of extinction. 
of ee is regrettable, in view 
5 a that extinction constitutes 
theo egic area for any learning 
Sente _In the first place, it repre- 
every Ehe portan phenomenon which 
explain. eory must at least attempt to 
Doks —adaptive behavior presup- 
Bopa only the acquisition of ap- 
A aee new responses, but also, the 
Ones cont of inappropriate old 
Pre et urthermore, theoretical inter- 
Bottant 2 of extinction play an im- 
other part in the explanation of 
theori phenomena; thus most S-R 
ie a consider discrimination 
action 6 to be the result of an inter- 
to etween excitatory and_inhibi- 
tY tendencies. 

ce paper? will examine the S-R 
and tcement theory of extinction, 
will try to show that it suffers 
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serious shortcomings. 
Specifically, we believe that Hull’s 
theory of extinction does not fit all 
the experimental facts, involves cer- 
tain conceptual difficulties, and gen- 
erates some paradoxical predictions. 


from some 


HULL’S THEORY OF EXTINCTION 


Following Hilgard and Marquis (7), 
theories of extinction can be grouped 
into two general categories: interfer- 
ence and adaptation. Interference 
theories, such as Guthrie’s (6) and 
Wendt’s (34), assert that extinction is 
due to the association of interfering 
responses to the conditioned stimulus. 
Adaptation theories, such as Hull’s 
theory of reactive inhibition, assume 
that extinction is caused by an inhibi- 
tory factor generated by the repeated 
elicitation of the response. This in- 
hibitory factor—believed to be analo- 
gous to fatigue—is said to act against 
the further evocation of the response, 
and is usually thought to dissipate 
with time. 

Razran (26) and Hilgard and Mar- 
quis have shown that neither of these 
theories by itself provides an adequate 
explanation of the phenomena of ex- 
tinction. Interference theories fail to 
indicate how the interfering responses 
arise in the first place. They do not 
account for spontaneous recovery, 
although recent attempts in that 
direction have been made by Liber- 
man (19, 20). They are further 
challenged by certain facts concerning 
the rates of conditioning and extinc- 
tion. If extinction were but a mani- 
festation of the conditioning of inter- 
fering responses, then any factor that 
facilitates conditioning should like- 
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wise accelerate extinction. In actual 
fact, stimulants increase the rate of 
conditioning and retard extinction 
while depressants retard conditioning 
but accelerate extinction. The nega- 
tive correlation usually found between 
rates of conditioning and rate of 
extinction likewise argues against an 
interference theory (7, p. 119). 

An adaptation theory alone is also 
inadequate. It fails to account for 
the fact that spontaneous recovery is 
usually incomplete, and that repeated 
extinction sessions eventually lead to 
a total lack of recovery. It does not 
explain the stimulus generalization of 
extinction effects nor the phenomenon 
of disinhibition. 

Hull’s theory of extinction (10) ,4 
like that presented by Miller and 
Dollard (24), utilizes both interference 
and adaptation concepts and thus has 
a considerably expanded scope. It 
first postulates the operation of an 
inhibitory factor, reactive inhibition 
or Ir, which tends to counteract the 
further occurrence of the response. 
This factor is assumed to result from 
the elicitation of the response itself, to 
vary with the effort involved in the 
performance of that response, and to 
decay with time. On this basis, Hull 
deduces a variety of phenomena such 
as spontaneous recovery, the superi- 
ority of distributed over massed 
practice, and reminiscence, 

In addition to mere effector inhibi- 
tion (Zr), Hull also postulates that 
extinction involves the production of 
a habit, conditioned inhibition or sIr 
—a habit of not responding. Its 
origin is explained as follows: 


4 Recently, Hull’s systematic formulations 
have been revised and elaborated in Essentials 
of Behavior (11), and in A Behavior System 
(12). Since we feel that these more recent 

“ publications have left the theory of extinction 
essentially unaltered, we shall base our 
discussion primarily upon the more familiar 
Principles of Behavior. 


. - - the after-effects of response evocation 
in the aggregate constitute a negative drive 
strongly akin to tissue injury or “pain.” If 
this is the case, we should expect that the 
cessation of the ‘“nocuous” stimulation in 
question or the reduction in the inhibitory 
substance, or both, would constitute a rein- 
forcing state of affairs. The response process 
which would be most closely associated with 
such a reinforcing state of affairs would 
obviously be the cessation of the activity 
itself. In accordance with the “law of rein- 
forcement”... this cessation of activity 
would be conditioned to any afferent stimulus 
impulse, or stimulus traces, which chanced to 
be present at the time the need decrement 
occurred. Consequently there would arise 
the somewhat paradoxical phenomenon of a 
negative habit, i.e., a habit of not doing 
something” (10, p. 282). 


Being a habit, sIp is tied to a 
stimulus, and presumably does not 
dissipate with time. It can thus be 
invoked to explain the generalization 
of extinction along stimulus dimen- 
sions, disinhibition, and the incom- 
pleteness of spontaneous recovery. 

Both inhibitory factors, sZp and Ir 
contribute to the extinction process by 
summating to make up an inhibitory 
aggregate Ip, which is subtracted from 
reaction potential, sEp, to yiel 
effective reaction potential, sLz- 
This relation is expressed by the 
following equations: 
Ir = sIr + Ir, sĒr = sEr — Ír 

It is important to note that, accord- 
ing to Hull, both sIĪę and Ip ate 
produced during rewarded as well as 
during unrewarded trials; the rise O 
the learning curve during conditioning 
only means that each response leads 
to a greater increment of reaction 
potential than of the inhibitory ag- 
gregate. 

On the surface, Hull’s theory of 
extinction seems to account for many 
of the facts with considerable elegance 
Nevertheless, we believe that his con- 
ception of the extinctive process 16 
beset by serious problems, We shal 
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discuss these problems under three 
headings, in what we feel is the order 
of increasing importance: (a) em- 
pirical difficulties, (b) conceptual diffi- 
culties, and (c) some paradoxical 
predictions generated by the theory- 


EMPIRICAL DIFFICULTIES 


r According to Hull’s theory of ex- 
nction, the elimination of a response 
presupposes the performance of the 
Mn EA to be eliminated, or at least 
e sear a of another response 
need mih extinction effects can 
T ize. For both reactive and 
ate ioned inhibition depend upon 
(aly performance, the former 
thro A f and the latter indirectly 
Gan its dependence on Ir reduc- 
aac There are some experimental 
saa ngs, however, which at least sug- 
activ: that the performance of an 
iar ity 1S not a necessary condition 
r its extinction. 
E Subzero extinction. Evidence for 
phen p possibility comes first from the 
demo menon of “subzero extinction, 
ing —— in classical condition- 
À oes Oe (25) showed that when 
tingui ae response has been ex- 
ar F ed to the point of nonelicita- 
tint poe unreinforced presenta- 
neveri the conditioned stimulus will 
tincti eless serve to strengthen ex- 
one as measured by a decrease in 
Sults aneous recovery. Similar re- 
ian, were obtained by Brogden, Lip- 
» and Culler (2). 
effect might be argued that these 
s are the result of the extinction 
weree implicit responses, which 
Seta e es even when the overt ones 
ig an sent. Such an interpretation 
Erodes Cee with the findings of 
slight Fh Lipman, and Culler (2) that 
into roemp movements did persist 
This a e subzero extinction, trials. 
eee that crucial implicit 
ses or 7,’s survived the elimina- 


tion of the overt, “parent” responses, 
and that they are thus more resistant 
to extinction than are the latter. 

2. Latent extinction. Further evi- 
dence comes from studies reporting an 
effect which might be called “latent 
extinction” by analogy with the phe- 
nomenon of latent learning. There 
have recently been three experiments 
in this area. 

Seward and Levy (29) trained rats 
to run a straight alley with food on the 
goal platform. Subsequently, the 
animals were extinguished in two 
different ways: The experimental 
group was detained on the now empty 
goal platform both before and between 
extinction trials, whereas the control 
group spent equivalent periods on a 
neutral empty platform. The experi- 
mental group reached the extinction 
criterion in significantly fewer trials, 
and ran more slowly than the control 
group. The effect of previous deten- 
tion on the empty goal platform ap- 
peared even on the very first extinc- 
tion trial: compared with training 
there was a significant decrease in 
running time for the experimental 
ch treatment, whereas 
the corresponding decrease for the 
control animals was not signi 
This suggests that an ; 
response can be extinguished without 
being elicited. 

Bugelski, Coyer, and Rogers (3) 
took issue with the experimental de- 
sign employed by Seward and Levy, 
pointing out that their experimental 
and control animals were detained on 
different platforms even during the 
procedure (between trials), 
so that the test situation was not 
identical for both groups. (We don’t 
entirely understand this objection, 
since Seward and Levy had already | 
found a significant difference between ` 
the running times of their two groups 
on the first test trial.) Upon repeat- 


extinction 
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ing the experiment, Bugelski, Coyer, 
and Rogers failed to obtain any evi- 
dence of latent extinction. There is 
some doubt, however, whether the 
repetition really duplicated the condi- 
tions of the earlier experiment, since 
even the control animals used by 
Seward and Levy gave up running 
sooner than did those employed in the 
replication. Bugelski, Coyer, and 
Rogers suggest that this difference 
may be due to an age factor; the rats 
used in their experiment were younger 
and may have been more active. 
Latent extinction, however, was 
also obtained in an experiment by 
Deese (4). He trained rats to run to 
one side of a U maze, and afterwards 
was able to extinguish the correct 
choice response by merely placing the 
animals in the goal box without food. 
Animals who were subjected to this 
nonresponse extinction procedure 
made a smaller proportion of correct 
choices when again run in the maze 
than did control animals who were not 
permitted to “inspect” the empty 
goal box. Thus, again some extinc- 
tion occurred without the prior per- 
formance of the response to be ex- 
tinguished, and therefore did not seem 
to depend upon response-produced 
inhibition. In fact, nonresponse ex- 
tinction was just about as effective as 
response extinction in producing the 
abandonment of the correct response. 
Comparing the results on four ordi- 
nary, nonreinforced response trials 
that were preceded in one group by 
four nonresponse extinction trials, and 
in the other group by four response 
extinction trials, we find hardly any 
difference. In other words, being 
placed in an empty goal box four times 
seems just as effective in reducing the 
likelihood of running subsequently as 
“actually having run there on four 
occasions. á 
This conclusion is based upon the 


‘two groups which had eight consecu- 
tive extinction trials on the same day. 
The effect is even more striking with 
groups which were given a 24-hr. rest 
interval between the first four and 
second four extinction trials. In these 
groups, four exposures to the empty 
goal box led to a greater decrement in 
performance, measured on the second 
day, than four nonreinforced runs. 
In other words, response extinction 
showed the effects of spontaneous 
recovery, while “nonresponse” ex- 
tinction did not. 

It might be asserted that these 
results can be explained in a manner 
similar to that in which Spence (31) 
and others (22) have attempted to 
deal with latent learning; that is, bY 
reference to fractional anticipatory 
goal responses—r,’s—to whose sen- 
sory consequences the turning Or 
running responses had become condi- 
tioned during training, and which 
have become extinguished during the 
latent-extinction period. Such an ex- 
planation does not seem plausible. 

Since the 7, is an implicit response, 
it presumably requires very little 
effort. It follows that many trials 
should be required for its extinction- 
As we have seen, this deduction i 
confirmed by the data from subzero 
extinction, at least if these are to be 
explained by the supposed extinction 
of implicit responses. Yet Deese’s 
animals, given only four trials in the 
empty goal box, nevertheless show 
extinction effects equal in magnitude 
to those of animals which were re- 
quired to actually run to the goal box- 
If his results are also ascribed to the 
ubiquitous Ta this now possesses 
somewhat contradictory properties. 

The Preceding discussion has not 
exhausted the empirical difficulties 
encountered by Hull’s theory of ex- 
tinction. To give merely two ex- 
amples, the roles played by effort and 
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by spacing in learning and extinction 
are by no means clear. For reasons 
of brevity, we have confined ourselves 
to the discussion of what we consider 
the most central empirical question: 
Is performance a necessary condition 
for the extinction of a response? 


CONCEPTUAL DIFFICULTIES 


The S-R reinforcement theory of 
extinction has shortcomings more 
serious than the empirical problems 
discussed above. These shortcomings 
become apparent when we try to 
discover how the theory's central 
Constructs are conceptualized. We 
will confine ourselves here to a discus- 
sion of the conditioned inhibition con- 
Struct, which seems to pose the most 
serious problems. In so doing, how- 
ever, we do not wish to minimize the 
difficulties involved in the notion of 
reactive inhibition. ‘The latter is usu- 
ally discussed (10, 30) as if it were a 
result of proprioceptive stimulation 
a the specific effectors involved in 
the response, yet the learned response 
'S often defined, not in terms of 
“ag effectors, but in the broader 
erms demanded by the results of 
Place learning (27) and response 
generalization (18) experiments. 

hus, Miller and Dollard define the 
response as “any activity within the 
dividual which can become func- 
amalliy connected with an antecedent 
vent through learning” (24, P- 59). 
é Telated problem arises from the 
€sults of Gustafson and Irion (21, 
Ss 174) and Kimble (14), who have 
hown a clear reminiscence effect in 
tlateral transfer. They point out 
Poe reminiscence is to be ascribed 
taste dissipation of Ip, then Ir must 
Tes, it more than a particular, specific 
setts We refrain from extended 

cussion of these matters, however: 
cause we feel that the difficulties 


can probably be overcome by clarifica- 
tion of the definitions involved. 

The concept of reactive inhibition 
requires more thorough consideration. 
Originally sZIn—the “habit of not 
responding’’—was proposed by Hull 
to account for the more stable aspects 
of extinction, and for the stimulus 
generalization of extinction effects. 
The act of not responding, from here 
on referred to as the “not-response,”” 
is connected to the stimulus situation 
by the reinforcing effects of Ip reduc- 
tion. The not-response is treated as 
formally equivalent to an ordinary 
response, so that slr is really an S- 
not-R bond; thus the laws of habit 
formation are widened to include 
extinction. 

In order to understand what might 
be meant by a “habit of not respond- 
ing,” we must first be clear on the 
meaning of the not-response itself. 
This consideration is all the more ap- 
propriate since the postulation of not- 
responses that have the same status 
as ordinary responses has become in- 
creasingly widespread in S-R rein- 
forcement theory. > For instance, 
Dollard and Miller (5, P; 202), in 
order to subsume repression under 
their general theory of anxiety learn- 
ing, speak of a “response of stopping 
thinking,” reinforced by anxiety re- 
duction. 


Unfortunately, S-R theorists are 


somewhat vague in discussing the 
nature of the not-response. Some- 
times Hull seems to identify it with 
the absence of activity, at other times 
with the cessation of activity, and on 
still other occasions he seems to 
assert that sIris Ir conditioned to the 
stimulus situation (all italics ours): 
Consequently there would arise the some- 
what paradoxical phenomenon of a negative 
habit; i.e., a habit of not doing something (10, 
p. 282). 

Stimuli and stimulus traces closely associated 
with the cessation of a given activity, and in 
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the presence of Ip from that response, become 
conditioned to this particular non-activity . . . 
(11, p. 75). 


The organic process most closely preceding 
the drive reduction would be the cessation of 
the activity itself (11, p. 75). 

- +. this cessation of activity would become 
conditioned . . . (10, p. 282). 


Stimuli closely associated with the acquisition 
and accumulation of inhibitory potential (Ir) 
become conditioned to i . . . (10, p. 282). 


Miller and Dollard refer to a tendency 
to stop an activity: 

... Thus muscle strain and fatigue are 
drives constantly motivating the subject to 
stop the response he is making; escape from 
muscle strain and fatigue are ever Present to 
reward stopping. Extinction occurs unless 
the effects of the drive of fatigue and con- 
sequent reward for stopping are overridden 
by the effects of other stronger drives and 
rewards (24, p. 40). 


From the above array of quotations, 
no clear indication emerges as to just 
what it is that gets conditioned to the 
stimulus in sp. However, these 
statements do suggest a relatively 
small number of alternatives. The 
not-response (that which gets condi- 
tioned to S in sIr) is either: (a) the 
absence of a particular activity; (b) 
the inhibition—interruption or cessa- 
tion—of a response already in prog- 
ress; or (c) Ir conditioned to the 
stimulus as a learned drive. We shall 
now examine each of these alter- 
natives. 


1. The not-response is the absence of 
a particular activity. According to 
this alternative, the sheer absence of 
a response is that which by Ip reduc- 
tion will be associated with the 
stimulus. This conception is com- 
pletely untenable. For, in this sense 
of not-responding, the animal is per- 
forming innumerable and indistin- 
guishable not-responses all the time. 
Simultaneously with not pressing the 
lever in a Skinner box, he is also not 
running a maze, not jumping to a 


black card, and not playing three- 
dimensional chess. As a matter of 
fact, the same infinite set of not- 
responses is also performed when he és 
pressing the lever. Since all of these 
not-responses occur at the time of Ir 
reduction and of reward, they should 
all be conditioned to the stimulus. 
This is clearly absurd. dp 

2. The not-response is the inhibition 
—interruption or cessation—of a re- 
sponse already in progress. This al- 
ternative seems to be the one most 
frequently implied by S-R theorists. 
Here it is asserted that before the 
not-response can be evoked, the 
response proper must at least have 
begun; that is, the animal always 
starts to press the lever before he 
stops doing so. But, in extinction he 
eventually fails to respond altogether, 
and does not even start to make the 
response, at least overtly. Of course, 
one might again suggest that when no 
overt response is started, there is at 
least an implicit one present, so that 
the conditions for the elicitation of the 
not-response as here conceived are 
met. Such a conception, however, 
raises another problem. K 

If implicit responses are to be util- 
ized in S-R reinforcement theory: 
many phenomena suggest that these 
responses must be capable of being 
extinguished. As we have already 
seen, the latent-extinction results sug- 
gest such an interpretation. Further- 
more, Hull's recent treatment of 
secondary reinforcement (11) deals 
with this in terms of fractional re- 
sponses. Since secondary rewards 
can be extinguished, the r,’s must be 
capable of extinction. Finally, We 
believe that Hull’s theory of problem 
solving (9) can be shown to require 
the possibility of extinguishing im- 
plicit responses. Thus, within the 
context of S-R reinforcement theory: 
r,’s must be extinguishable, and since 
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they are conceived as formally akin to 
overt responses, their extinction must 
follow the same laws as those proposed 
for the latter. 
How could such extinction take 
place? There would seem to be a 
need for a not-r, to counteract the rg. 
But, according to the present alterna- 
tive, such a not-r, can only be evoked 
after the r, has been initiated. Once 
again, the complete elimination of the 
(implicit) response must be explained, 
Not its interruption. Since we are 
already at the level of implicit re- 
SHEA an even more implicit re- 
Ponse would have to be set in motion 
Or the purpose. This is an utterly 
unpalatable concept. 
The present alternative, then, seems 
en es unsatisfactory. 7 In, order to 
aa ain the total elimination of re- 
fon A it must resort to the postula- 
sall m implicit responses. When 
Ari „upon to account for the 
a of implicit responses, it 
3 mes yet more strained. 
ib not-response is reactive in- 
on conditioned to the stimulus. 
ull (10) sometimes writes of sIr as 
Ae ae has been conditioned to a 
‘ ulus. This implies that Ir and 
R are of the same nature, except 
ie in the first case the inhibitory 
o ee 1s produced as the direct result 
Sins oe action, while in the second 
Sond. le identical force is elicited by a 
Itioned stimulus. 
hea an interpretation is formally 
sug Fe to the theory of fear behavior 
ee sol by Miller (23). He as- 
a na that fear is an internal response, 
to = connected with pain, whic 
Neutral conditioned to an originally 
tions at stimulus under suitable condi- 
inter, Kimble (13) has criticized the 
a ee of sIr in such terms. 
5 Pkg iain that Ir should be treated 
respo intervening variable, and that 
nses, rather than intervening 


to 


variables, become connected to 
stimuli. 

Kimble’s criticism may not be a 
crucialone. S-R theorists have rarely 
hesitated to endow their intervening 
variables with appropriate properties, 
and could perhaps treat Ir as if it 
were a response (or rather, a not- 
response), which can be conditioned 
to stimuli to generate sIr. Even this 
formulation, however, raises some 
problems. If sIr is thought of as a 
conditioned Ip-response, then slp and 
Ip must have identical response 
properties. From this point of view, 
the inhibitory processes involved in 
sIr and Ip must be the same in all 
respects save the manner in which 
they are aroused. 

Thus, the dissipation of inhibition 
following the withdrawal of a condi- 
tioned inhibitor must follow the same 
temporal course as the dissipation of 
Ir, the response generalization of 
sIr and Ir must be equivalent, and so 
on. We do not know whether S-R 
reinforcement theorists would be pre- 
pared to accept these consequences of 
the present alternative. d 

There remains yet a fourth possi- 
bility, that of equating the not- 
response with an actual i activity 
antagonistic to the to-be-extinguished 
activity, i.e., making the not-response 
a bona fide response. The resulting 
theory of extinction would be rather 
close to the interference theories of 
Guthrie (7) and Wendt (34), and at 
the very least would have to face 
many of the objections that have been 
leveled against these. In the absence 
of any evidence that Hull and his co- 
workers had this possibility in mind, 
jt will not be considered here. 

PARADOXICAL DERIVATIONS 
FROM THE THEORY 


We have tried to show that the SR 
reinforcement theory of extinction 
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encounters serious empirical prob- 
lems, and contains some important 
conceptual difficulties. One might 
argue that, despite their shortcomings, 
the postulates of the theory permit us 
to deduce a great number of phe- 
nomena of extinction which actually 
occur. Unfortunately, however, they 
also necessitate certain other pre- 
dictions which are clearly false. 


1. Predictions regarding the course of 
learning and extinction. Hull and his 
co-workers believe that habit strength 
becomes asymptotic to a maximum 
value, and they usually assume that 
it does not decay with time. Further- 
more, they assert that Ir and slp 
result as a necessary consequence of 
the evocation of the response, regard- 
less of the presence or absence of 
positive reinforcement, Withholding 
reinforcement leads to extinction only 
indirectly ; when no further increase in 
reaction potential occurs, the inhibi- 
tory action of Jp and 
unopposed. 

From these assumptions it follows 
that the ordinary learning curve 
should not be monotonically increas- 
ing, but instead should rise to a 
maximum and then eventually return 
to the base line.5 For, as the habit is 


slr grow 


5 Koch (15) notes this point in his review of 
Hull’s Principles of Behavior, but does not 
seem to regard it as more than a Matter of 
detail. The same problem is Tecognized by 
McGeoch and Irion (21, p. 55). They sug- 
gest that the situation could be remedied by 
making I subtract from N (the number of 
reinforced trials) rather than from sEr. In 
effect, this would make Ig subtract from sHp. 
In Hull's system, however, the indestructi- 
bility of sHp and the merely “masking” roles 
of Ir and slp are essential; for example, 
they are crucial for the derivation of such 
phenomena as spontaneous recovery, remi- 
niscence, and disinhibition. The suggestion 
made by McGeoch and Irion thus amounts to 
a proposal for a radically revised theory, and 
is not specifically relevant to the present 
discussion. 
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repeatedly reinforced, sEz approaches 
its asymptote. Once this asymptote 
is approximated, further reinforce- 
ments cannot add any further effective 
increments to the habit strength. 
Only Iz and sIr can then be generate 
to any extent. (That sIr is not yet 
at its asymptote is obvious: since 
extinction has not yet occurred, sla 
must be capable of further growth.) 
This means that from here on, further 
reinforcements can only lead to 4 
decrement in performance, and wi 
eventually cause the total elimination 
of the response. A pause between 
trials may at first lead to some va 
covery due to Ip dissipation, but thi 
recovery will be short lived. Fur ther 
trials must add to sJp until it, H 
approximately equal to sEp, at whic 
point no more recovery can take place 
The learning curve will have reache 
the base line, never to come up again. 
Necessarily, then, there is no learne 
act which can be performed for any 
length of time; its very repetition 
regardless of reinforcement—mu5 
lead to its eventual elimination. ah 
This prediction is at odds wig 
everything we know about the cours 
of learning. The phenomenon s3 
“inhibition of reinforcement” (8) oe 
curs only under quite special con A 
tions, and hardly begins to do juste 
to this deduction. The learning cima 
must return to zero, regardless of E 
spacing of trials, and must do so in F = 
same number of trials required 3° 
experimental extinction after sEr ha 
reached asymptote. One does m 
have to refer to experimental studie’ 
to demonstrate the fallacy of thi 
prediction. Our daily life is full ° 
countless activities which we perform 
again and again with no sign ° 
decrement. We turn door knobs 
say “how do you do,” sit down °” 
chairs, and recline on beds, and havé 
done so since childhood. It is reaso? 
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able to assume that such habits have 
reached asymptotic strength at an 
early age, yet there is no sign of 
decline. 
F raed the same reasoning, it also 
ollows that once a habit has been 
_upletely extinguished, recondition- 
we is impossible. : For again, assum- 
he that the habit strength was at 
eel prior to extinction, further 
orcement—no matter how fre- 
oes or how spaced—cannot add to 
= his also is contrary to experi- 
ental fact (2) and to common 
observation. 
ie deductions just developed lead 
ones © suspect that there is some 
oe flaw in the postulates which 
i rated them. | It seems to us that 
the problems principally derive from 
=o ee apen that there is no 
a itative difference between | the 
and oe and the extinction situations, 
Dente that nonreinforcement affects 
ance merely by preventing the 
A growth of habit strength. 
Hal rding to the theory, an extinction 
rea but a learning trial without 
Ried rather with decreased 
nishe —since Ir, reduction still fur- 
art some reinforcement. With- 
é ie of reward produces no real 
ies ge in the situation. Ze and slr 
Senerated during learning as well 
ry ioe extinction. We shall now 
yo o show that this conception leads 
et further paradoxes. 
P renons regarding the im- 
nTa an of either learning or exime- 
origin iL the theory of extinction 
eS a by Hull, condi- 
a inhibition is a habit established 
einforcement due to Ip reduction. 
aie an animal performs a 
Sliows a not-response inevitably 
is ae it. Just how the not-response 
iaeei is irrelevant, so long as 1t 
ota ly occurs subsequent to the 
de response. During the per- 


formance of the not-response, Ir 
dissipates. This results in need re- 
duction, and in turn reinforces the 
connection between the stimulus situ- 
ation and the not-response. Thus 
sIr is built up. The not-response 
opposes the response, eventually lead- 
ing to extinction. 

If we accept this mechanism, we are 
faced with an unpleasant dilemma: 

a. Extinction is impossible. Before 
not-responding, the animal must nec- 
essarily have responded. If Ir reduc- 
tion is reinforcing, it should reinforce 
the response as well as the not- 
response. If it did, and to the same 
degree, extinction could not take 
place. 

In discussing this problem, Hull (10, 
p. 301) refers to the gradient of 
reinforcement. He points out that 
the not-response is temporally more 
contiguous with the decrease in ‘‘nocu- 
ous” stimulation and thus to rein- 
forcement, than is the bona fide 
response. In consequence, the former 
should be stamped in more strongly 
than the latter, i.e., the increment 1n 
sIr should exceed the increment 1m 
sHp. In this manner extinction coul 
take place. But this solution forces 
us onto the other horn of the dilemma. 

b. Learning is impossible. As we 


have already seen, according to the 


theory, the not-response follows the 
response both during learning and 
during extinction. After pressing the 
lever in a Skinner box, the animal 
must necessarily stop pressing the 
lever (perform the not-response). 
This occurs before he reaches for the 
food pellet. But since the gradient of 
reinforcement—invoked before to 
make extinction possible—applies here 
equally, the not-response should be 
conditioned more strongly to the 
stimulus situation than should the 
response itself. In that case, the 
response can never become effectively 
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established, since the increment in 
slp must always be greater than the 
increment in sHr. Any increase in 
the amount of reinforcement would 
benefit the not-response proportion- 
ately more than the response itself. 
Thus, learning is impossible. 

Hull considers this problem also, 
and suggests a possible solution. He 
argues that the reinforcement in many 
experimental situations is secondary 
in nature, and that “this secondary 
reinforcement, e.g., the click of the 
magazine, occurs during the con- 
traction and before the relaxation” 
(10, p. 302). Since reinforcement 
preceding a response is relatively 
ineffective, Hull concludes that the 
response would receive a greater bene- 
fit from the secondary reinforcement 
than would the not-response, even 
though the former benefits less from 
primary reinforcement due to Ir 
reduction. In this way, the not- 
response might receive less total rein- 
forcement than the response proper, 
and the sHp increment might out- 
weigh the increase in s7, R. 

This suggestion seems inadequate, 
for there is no reason to assume that 
the response is accompanied by more 
secondary reinforcement than is the 
not-response. The effectiveness of 
secondary reinforcers is generally be- 
lieved to be a function of their tem- 
poral proximity to primary need 
reduction. The not-response is neces- 
sarily closer to primary reinforcement 
than is the bona fide response. Hence 
the secondary reinforcement accom- 
panying it should be more, rather than 
less. The occurrence of a consistent 
click at the time of the response is 
merely an artifact of a particular 
experimental condition ; surely the rat 
would learn even if the click were 
made contiguous with the not-re- 
sponse. 

We are thus left with a strange 


spectacle: a theory of extinction, 
derived from principles of learning, 
which must deny either the existence 
of learning or of extinction. The 
assumption of continuity between the 
learning and extinction situations— 
the failure to allow for any qualitai 
change brought about by withdrawa 
of reward—appears less and less 
tenable. 


SUMMARY 


Any theory of learning must deal 
with the phenomena of extinction & 
well as those of habit formation. = 
reinforcement theory, as presented y. 
Hull, is one of the most influential A 
modern learning theories. It ma 
seemed appropriate to examine cl 
ically his treatment of extinction 
We have tried to show that it at 
number of serious difficulties. 
particular : 


1. Recent experiments in the field 
of “latent extinction” suggest that t y 
actual performance of a response ma 
not be necessary for its extinction. d 

2. Neither reactive nor conditione 
inhibition is clearly or adequate 
conceptualized. In particular, a 
“habit of not responding” has nev 
received a satisfactory definition- ee 

3. Certain paradoxical ie 
quences can be derived from t g 
theory: Not only should the learni" 
curve inevitably decline to its starti” 
point with continuous reinforceme? ‘ 
but, in fact, learning should be ue 
possible altogether, m 

4. Many of these difficulties Ea 
from Hull’s assumption that wit 
drawal of reward introduces noth” 
essentially new to the situation. 
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PUNISHMENT: I. THE AVOIDANCE HYPOTHESIS 


JAMES A. DINSMOOR 


Indiana 


A possible reaso 
neglect of the topi 


ture that Stone, i 
the literature, w 
“The task of res 
flicting results . 
Possible one” 


of 


sequence. 
The general Suggestion that the ef- 
fects of Punishment may be due to 
some form of interfering reaction js by 
no means a new one. Tt appears as 
early as 1932, in some rather incidental 
comments by Thorndike. At that time, 
Thorndike presented a summary of sey- 
eral studies which seemed to indicate 
that punishment had little or no effect 
` on the preceding behavior. However, 
he recognized the necessity of provid- 
ing some kind of an “escape clause” to 


University 


34 


to 
deal with those special, as it seni 
him, and anomalous cases “id facili- 
punishment of one response 4 nse al 
tate the elimination of this ee, . 
the acquisition of a nonpunishe 
native. 


as 
wo 


by 
tiot 
that is 
inal 16° 


S Opposite to the origi 
sponse” (34, p, 80). i apr 
Stemming’ from Thorndike’s f 


pretation 
state ( 9), 


E 
and various referenci 46) 
“heightened 


—240; 
Sansi 

$ b 
» 16) which are said t° g- 
making an opposing oF sev" 
Ponse. In particular, ned 
Ts have at least ment es 
nce interpretation, the ma. 
S being those by Dollard p 
, DP. 75-76), Mowrer (16; Pet 
154, 210, 262 ff.; 17), Mand 

n (18, pp. 80-81), rs 

? eSP. pp. 188-189); jef. 
are obviously rather bri n 
ore, no attempt has yet bis 
made to lay a detailed ang comprehe? 
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sive statement of the hypothesis along- 
side the published findings from empiri- 
cal studies of punishment to see how 
well such a statement fits the known 
facts. 
a, this paper I will merely outline 
= pothesis itself. First, I will re- 
a some of the empirical studies 
rele onary aversive stimulation and 
oidance training in order to see what 
Principles are required for their inter- 
Panis ie Next, I will compare the 
a operations used in avoid- 
Siu training „with those used in a 
fee of punishment, in a free re- 
Pa a situation. Finally, I will try 
De ow what should or must happen 
et. we apply an aversive stimulus 
wing successive instances of a given 
response, 


AVERSIVE STIMULI 


M Ra the concept of an aversive stim- 
nS fundamental to subsequent dis- 
FE a I will begin by offering a 
ta I have selected the word 
a sive both for the frequency of its 
* Selena in the experimental litera- 
rd and for the strength of its behav- 
connotations in everyday usage. 

(In Webster’s International Dictionary 
[2na Ed.], for example, aversion is first 
efined as “act of turning away” and 

vert is further defined as “to cause 
a turn away” or “to ward off, or pre- 
ent, the occurrence or effects of.”) I 

Will use the word in a strictly functional 
9E behavioral sense, with no reference 
to its subjective properties or to any 
assumed drive which might be said to 
e aroused or reduced by the presenta- 

tion or removal, respectively, of the 
Stimulus. It will refer to a class of 
Stimuli which are suitable for studies 
of “escape training” (13) or “aversion” 
(14), The critical observation is that 
the reduction or elimination of the stim- 
ulus increases the frequency or proba- 
bility of the preceding behavioral se- 


quence—that is, that it is reinforcing to 
the subject. 

For the naive organism, this classi- 
fication apparently includes such stimu- 
lating events as immersion in water and 
certain intensities of light, sound, tem- 
perature, and electric shock. This is 
not to say, however, that an aversive 
stimulus cannot be stripped of its orig- 
inal properties or that these cannot be 
overlaid by other properties acquired 
through special training or instruction. 
In practice, most of the empirical stud- 
jes on avoidance and punishment have 
been based on the administration of 
shock to rats, although occasional ref- 
erence will be necessary to other stim- 
uli or other organisms. 


How NEUTRAL STIMULI BECOME 
AVERSIVE 


What happens when a neutral or in- 
effective stimulus is paired with one 
which is already aversive to the sub- 
ject, such as shock? A relatively clear 
and simple answer to this question may 
be found in an experiment by Brown 
and Jacobs (2, Experiment II). The 
apparatus consisted of two adjoining 
compartments, each with a shock grid 
as a floor, which were separated by a 
two-inch barrier surmounted by a guil- 
lotine-type door. In the first stage of 
the experiment, the experimental ani- 
mals (rats) were each given ten pres- 
entations of a pulsating light and tone 
paired with a pulsating shock. Each 
presentation consisted of nine seconds 
of light and tone, overlapping with a 
final six seconds of shock. No sys- 
tematic means of escape was provided 
during this stage of the experiment. 

The second step was to test the func- 
tional properties which had been ac- 
quired by the light and the tone as a 
result of their pairing with shock. 
Forty trials were given. On each trial 
the door was raised and the light and 
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tone were presented without further 
shock. When the animal passed over 
the hurdle from one compartment to 
the other the light and tone were turned 
off and the door was lowered behind 
him. The time required for the ani- 
mal to respond was measured on suc- 
cessive trials. 

A group of control animals, which had 
not been shocked, were found to run 
somewhat less promptly from trial to 
trial. But the experimental animals 
ran more and more quickly; their la- 
tencies showed a rather sharp drop for 
the first 16 or 20 trials. Later, how- 
ever, a slight, but significant, rise ap- 
peared. The early decline in latency 
shows that the removal of the light and 
tone was a reinforcing operation which 
Strengthened the response of running 
from one compartment to the other. 
The final rise in latency presumably re- 
flects the gradual loss which occurs in 
the effectiveness of secondary aversive 
stimulation when it is no longer paired 
with the primary stimulus. 

An attempt has been made by Bar- 
low (1) to specify more exactly what 
is the necessary temporal relation be- 
tween the primary and secondary stim- 
uli, and a related study has been con- 
ducted in avoidance training by Mowrer 
and Suter (16, pp. 280 ff.). These 
studies both suggest that the critical 
relationship is between some phase of 
the secondary stimulus and, more spe- 
cifically, the beginning or onset of the 
primary stimulus, such as shock. Simi- 
larly, the effects of presenting the sec- 
ondary stimulus without the accom- 
panying shock have been isolated and 
separately investigated in experiments 
by Schoenfeld and Antonitis (25) and 
by Page and Hall (23). These studies 
indicate that such a stimulus loses its 
aversive character when it is no longer 
paired with the primary stimulus. 

On the basis of several replications, 
then, the main fact seems to be reliably 


established: that a neutral stimulus 
which is presented just prior to or over- 
lapping with the administration of 2 
primary aversive stimulus, like shock, 
acquires an aversive property in its own 
right and becomes what we may call a 
conditioned or secondary aversive stim- 
ulus. When we try to make use of this 
stimulus as a reinforcing agent, how- 
ever, a difficulty arises. The reinforc- 
ing operation—terminating the stimulus 
without shock—is incompatible with the 
establishing and maintaining operation, 
pairing the stimulus with shock. When 
it is terminated, therefore, without being 
paired with the primary stimulus, our 
secondary stimulus gradually loses 
effectiveness. The temporary nature ii 
the secondary aversive property migh 
seem to limit the role which these stim- 
uli can play in the maintenance of be- 
havior over an extended period of timê. 
The difficulty is readily resolved, how- 
ever, if the pairing is restored when- 
ever the stimulus is weakened and the 
animal fails to respond within an arbi- 
trary time limit. This is the basic pat 
digm for what is known as avoidance 
training. 


How Avoine Reactions ARE 
MAINTAINED 


Tn studies like those we have just ber 
considering, two separate and distin” 
operations have been employed in au 
cessive phases of the experimental ae 
cedure: (a) the secondary stimulus 
paired with the primary stimulus, 4” 
(b) the termination of the secondary 
stimulus is used to reinforce a select? 
response, In a simple and relatively 
effective form of avoidance tiam 
these two procedures are interspersed 8 
interwoven. At the beginning of an 
trial a secondary stimulus or ior 
signal” is presented by the experimenté i 
If the animal makes the required w 
sponse the signal is terminated; 


THE AVOIDANCE HYPOTHESIS 37 


when the animal fails to respond within 
an arbitrary time limit, the primary 
stimulus is applied. 
_ As an example of this form of train- 
pS; let us take “Group II-On-Run” 
‘i an experiment by Mowrer and 
amoreaux (16, pp. 126 ff.; 20). The 
fone signal was a change in the pat- 
ae of illumination produced by turning 
S two overhead lamps and turning off 
Sore lamp beneath the grid. Five 
the A S of grace were allowed in which 
the could run to the opposite end of 
the ai ey or shuttle box. If he did this, 
om ignal was terminated, or changed 
id = and no shock was applied; if he 
tio ie the stimulus was followed by 
of a of shock. On the first day 
fleu- ining, the two animals in this par- 
ar subgroup made the response only 
eleve apiece in 10 trials; but on the 
A Eh and twelfth days, both animals 
aire 10 trials. Thus, these animals 
aan to run to the opposite end of the 
Orce E when the only direct rein- 
“i a for this act was provided by 
finn tg from a pattern of stimula- 
shock at was otherwise followed by 
other | The results were similar for 
tite fm gies Although the proce- 
ing jg ich is used in avoidance train- 
tal ee complicated, the gen- 
Predict, ects of this procedure can be 
ich ed from a study of the way in 
. ee stimuli are made aversive 
ipped of their aversive character. 
ae conditioning of avoiding re- 
Second, is based on the termination of 
ness ana stimuli, and if the effective- 
on th _ these secondary stimuli is based 
me ‘ac pairing with the shock, it fol- 
teque at some limit must be set on the 
Sons ncy with which the avoiding re- 
Doe will be made. When the animal 
ie en required response for several 
ioi _'n succession, the pairing opera- 
Stine interrupted and the effects of 
ssive stimulus-terminations should 


dwindle. That this is indeed the case 
is suggested by more detailed observa- 
tions of the subjects’ behavior under 
fairly comparable conditions reported 
by Sheffield (26). Here the warning 
signal was a two-second tone (appar- 
ently of fixed duration), with the shock 
coming in the last tenth of a second. 
Guinea pigs were used as subjects. If 
the animal turned a rotating cage or ac- 
tivity wheel by 1 in. before the shock 
was due, the shock was omitted. “With 
successive omissions of the shock,” Shef- 
field reports, “the amplitude of the con- 
ditioned response tended to decrease 
and latency to increase, until the ani- 
mal failed to turn the wheel the re- 
quired inch in the required time, and 
another shock was received. As train- 
ing continued, more and more successive 
conditioned responses occurred without 
requiring [shock], but extinction be- 
tween [shocks] continued throughout 
the training” (26, p. 171). The ampli- 
tude was restored, of course, and the 
latency cut down once more after a 
trial on which the animal failed to re- 
spond and the shock was actually ad- 


ministered. 


AVOIDANCE TRAINING WITHOUT A 
SIGNAL 


Actually, no independent warning sig- 
nal need be presented by the experi- 
menter. This is demonstrated by some 
data recently reported by Sidman (27, 
28). In this study, one-fifth of a sec- 
ond shocks were administered to the 
rat at regular intervals of time (“shock- 
shock interval”). The animal was per- 
mitted to avoid or delay the shock, how- 
ever, by pressing a bar or lever at one 
end of the chamber. When he did so, 
the shock was postponed for another in- 
terval—sometimes the same, sometimes 
different—which was timed from the 
beginning of each successive response 
(“response-shock interval”). Some fifty 
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animals were successfully conditioned 
by this procedure. pe 

In an extension of his preliminary 
work, Sidman conducted three of his 
original animals through an extended 
series of training sessions at a variety 
of response-shock and shock-shock in- 
tervals. Regular changes in the rate 
of responding were obtained from each 
of these animals as a function of the 
length of either interval. In general, 
the more frequently the animals were 
shocked, the more frequently they re- 
sponded. The rate of responding rose 
with shorter and shorter shock-shock 
intervals and, up to a point, with shorter 
and shorter response-shock intervals. 
At relatively short response-shock inter- 
vals, however, a new phenomenon ap- 
peared: the original function gave way, 
and a “delay-of-punishment” gradient 
took over. That is, the rate began to 
decline with very short intervals be- 
tween the response and the subsequent 
shock, and the response tended to dis- 


appear when the shock followed almost 
immediately. 


AN INTERPRETATION OF AVOIDANCE 
TRAINING 


In interpreting Sidman’s data (and 
later, the operation of punishment) we 
are forced, in order to construct a gen- 
eral or inclusive description, to make 
an appeal to stimuli which are: (a) not 
clearly specified; (b) not readily ob- 
served or recorded; and (c) most im- 
portant, not under the direct control of 
the experimenter. We might, by anal- 
ogy, call the stimuli which may be pre- 
sented or withheld at the will of the 
experimenter “independent” stimuli and 
those which are produced by the sub- 
ject without the intervention of the ex- 
perimenter “dependent” or “interven- 
ing” stimuli, all in accord with the 
application of these adjectives to the 
noun “variable.” If the reader objects 


to an appeal to such stimuli, there are 
two ways in which he may place them, 
in a sense, under the control of the ex- 
perimenter. First, he may invade Ta 
organism by surgical or pharmacology 
techniques and presumably segregate z 
insulate the subject, in a manner 0 
speaking, from the consequences of his 
own behavior. Or, as an alternan 
he may add or subtract presumably 
equivalent stimuli to or from his A 
perimental operations, making mai 
likewise contingent upon the subjec ; 
response. Then we can see what a 
these substitute dependent stimuli hav 
on the over-all pattern of behav’ 
This procedure might well be used 
substantiate Sidman’s interpretation 
his results. Ps 
Sidman’s interpretation may be pe 
phrased as follows. Any form of il 
havior other than pressing the bar W 
eventually be followed by shock. $ 
dependent stimuli that accompany ee 
behavior thereby acquire an avers 
character, through their pairing a 
the primary stimulus. But pressing t 
bar is never immediately followed Z 
shock if a reasonably long respons “i 
shock interval is used, and the ant 
lation which accompanies this DN 
response does not become avers! de 
Hence, whenever a bar press iole A 
some response that has previously wa 
shocked, it will be reinforced by *”” 
change from an aversive to a nona? s 
sive pattern of stimulation. At ai 
only a few of the possible forms of ie 
sponse may have been shocked, W: ; 
other responses have not been so pes 
At this stage, the bar pressing 15 ee 
always reinforced, and the rate of pre i 
ing fluctuates. As the training cont! p 
ues, however, more and more of the ad 
mal’s behavioral repertoire is shock©t” 
with the result that the avoiding ” A 
sponse is fairly regularly reinforced- ry 
ceiling is finally imposed by the Vor 
Success of the avoiding response its¢ 


THE AVOIDANCE HYPOTHESIS 39 


as in other studies, which reduces the 
‘begs frequency of shock and thereby 
imits the frequency of pairing and the 
effectiveness of a given change in stimu- 
lation. : 

fied now see that the warning signal, 
oot is usually provided in a study of 
ae sis training, plays a relatively 
oe role. There are three possible 
Sep which tend to be con- 
a ed and which are very difficult to 

Sregate in a given study: 


Bitar in Sidman’s procedure, the 
a produced by S himself in mak- 
yE ponses other than that prescribed 
ae ate some extent correlated with 
basis ni m presumably provide some 
the ce r the reinforcement of the avoid- 
.. This may be one of the 
in a for the responding that occurs 
caes absence of the signal, between 
dea sive trials (e.g, 19, 21). But 
with pomi are in actuality paired 
Opani shock only when they are ac- 
“trun ied by the signal. Thus, the 
uli hy most effective secondary stim- 
Or com a set of stimulus combinations 
ee a (24), each including the 
a signal as one of its elements. 
presun pri of these compounds 
Doral a y depends on the exact tem- 
awn e ation between the signal and 
a (e.g., 16; pp. 280 ff.; 37). 
the PA ie, the effectiveness of 
also on ning procedure seems to depend 
compoy whether both elements of these 
hated “ie are simultaneously termi- 
signal y the avoiding response; if the 
after ft, ement is terminated before ot 
tion e response, the change in stimu- 
n ES by the response is some- 
À te ler and less discriminable, and 
Pp. 84 ae is less effective (16, 
ie a 19, 21). In avoidance train- 
Signa] oe the relation between the 
nečesa on and the response 1S 
oral tly confounded with the tem- 
relation between the signal and 


the shock; but it may be separated in 
a study of secondary aversive stimula- 
tion, where the operations of stimulus 
pairing and reinforcement have been 
segregated. 

3. Finally, the warning signal may 
“set the occasion” for the (maximal) 
reinforcement of the avoiding response. 
That is, it seems to act like a cue (8) 
or discriminative stimulus (14, 29, 30). 
Early in training the rate of responding 
may be about the same in the presence 
of the signal or in its absence (between. 
“trials”); but as the training continues, 
more responses occur in the presence of 
the signal and fewer occur in its absence, 
provided that an opportunity is given 
for the animal to make these nonrein- 
forced responses (3)—ie., for extinc- 
tion of responses in the absence of the 
signal. 

Mowrer and Lamoreaux have dis- 
cussed this problem in somewhat similar 
terms, and conclude that it is the ne- 
cessity for forming a discrimination of 
some type between the presence and 
absence of the signal which slows down 
the acquisition of avoiding responses 
under the customary procedures (21). 


A COMPARISON OF PROCEDURES 


Now that we have seen how the sub- 
ject learns to prevent the arrival of the 
shock in a study of avoidance training, 
we are in a position to apply these prin- 
ciples to the inhibition or suppression 
of the response which is observed in 
most studies of punishment. Actually, 
the two procedures are so similar that 
it is difficult to find a justification for 
major distinction in theoretical 
As Mowrer says, such a 
“far from parsimonious, 
not to say an outright contradiction” 
(17, P- 421). What distinctions there 
are, of course, arise from the fact that 
jn avoidance training the experimenter 
selects the response that shall be re- 


any 
treatment. 
distinction is 
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quired to avoid the shock; whereas in 
an experiment on punishment he speci- 
fies and records the response that pro- 
duces the shock. 

This does, however, lead to certain 
consequences which may be worth in- 
specting. First, in avoidance training 
the class of responses which are not 
followed by shock is extremely narrow; 
it includes but one form—that speci- 
fied by the experimenter as the avoid- 
ing response. But in a free responding 
situation the class of responses which 
will eventually be paired with the shock 
is extremely broad, including anything 
else the animal might do. The breadth 
of definition for these two classes of 
response is also reflected in the initial 
frequencies of behavior: before condi- 
tioning, the frequency of the avoiding 
response is likely to be relatively low, 
to constitute a small part, quantitatively 
as well as qualitatively, of the animal’s 
activity; the combined frequency of 
other forms of behavior will be rela- 
tively high. 

The situation is reversed in a study 
of punishment. Here, it is the class of 
responses which are followed by shock, 
for example, which is limited to a single 
behavioral sequence or chain. And in 
the usual experimental situation the ini- 
tial frequency of this sequence is very 
low, so low, in fact, that it is ordinarily 
necessary to provide some form of re- 
inforcement to boost its rate to a level 
where the inhibition may readily be 
observed. But the class of responses 
which are not followed by shock is rela- 
tively broad, including any form of re- 
sponse which conflicts with members of 
the punished Sequence; and these re- 
sponses are already quite plentiful at 
the beginning of training, 

Second, the experimenter has chosen 
different criteria for the administration 
of the shock in the two cases, and this 
alters the detailed Tesponse-shock con- 


tingencies both for the avoiding re- 
sponses and for the punished responses. 
In avoidance proper, he delivers the 
shock at regular intervals whenever the 
animal fails to make the required re- 
sponse. He does not specify the exact 
relationship between other forms of re- 
sponse and the arrival of the punish- 
ment. A given alternative, therefore, 
need not immediately or invariably be 
accompanied by shock unless this 1 
continuous, as in simple escape traim- 
ing. Thus, a certain amount of time 
will be required before each of these 
responses has effectively been paire 
with the punishment. <sxelf 
But in a study of punishment itsel!, 
the shock is directly contingent Yi 
making a particular response. T] i 
pairing can be made immediate and i 
variable, unless the experimenter E 
self wills it otherwise. Special sche : 
ules, such as delayed or intermitten 
punishment, may readily be imposed. 
Similarly, in a study of avoidance 
training the experimenter not only dê 
cides that a certain form of response 
shall lead to avoidance of the shock, 
he also determines how long the shoc 
will be postponed following this a 
sponse, if it is not repeated—as illus- 
trated by Sidman’s “response-shock of 
terval” or by the customary intervē 
between trials in a signal study. the 
Not so with punishment: Here, ‘ 
relationship between the avoiding a 
sponses and the shock is less are 
for it depends on what these do to t j 
original sequence of behavior. The aed 
sequent variation in the delay of Lal 
ishment has a selective effect on variou? 
forms and durations of avoiding m 
sponse (27, 28, 36, 37). The way Ë 
opened for a “shaping up” or differen 
tiation of the original avoiding behav? ` 
Finally, the observations are differen r 
In an avoidance study the experiment 
has defined, by his criterion for admi” 
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— or withholding the shock, the 
“hi of the avoiding response. This 
ae out to be the only response which 
i readily be recorded, since the alter- 

ative forms have not been defined and 
a i alternative may not be in- 
ster © In a punishment study, on the 
ae = it is the punished response 
im has been defined, and the avoid- 
wa “an. cannot readily be re- 
thine - In either experiment some- 
ln be gained by recording one 
oF a asa representative of the class 
Sivas 2 which is not ordinarily ob- 
aligte a though the frequency of any 
tie response is likely to be too low, 
vide > erperimentally reinforced, to pro- 
rea very sensitive index to the re- 

nder of the animal’s behavior. 


DISCRIMINATION OF THE AVOIDING 
REACTIONS 


a is one special problem in ap- 
of 8 avoidance theory to the action 
dia neat which has not been ex- 
a a a by previous writers. 
tutes $ "ni which is punished consti- 
speak nly a small fraction, qualitatively 
toire ing, of the animal’s total reper- 
ts b In a laboratory study, to be sure, 
ened poate may have been strength- 
eit, such an extent by direct experi- 
a tel Teinforcement that it constitutes 
Roar atively large proportion, quantita- 
th oe of the animal’s activity. 
eS case, elements of the punished 
vals ee will intrude at frequent inter- 
be etween the avoiding responses. 
tema; of the animal’s behavior should 
on. relevant” to the punished se- 
Which 3 If it is the pressing of a bar 
should is punished, for example, he 
Sa Spend the bulk of his time in 
et PSN of this bar. He will not 
ata Ge far,” to judge from analogous 
nd ), from the punished act. Since 
er these circumstances the animal is 


almost always in danger of being pun- 
ished, no special timing or discrimina- 
tion of his avoiding responses may be 
required. 

But in this respect the laboratory 
does not necessarily mirror life. Out- 
side of the laboratory a given sequence 
may not have such a degree of strength. 
The animal may spend much of his time 
in activity which is essentially “irrele- 
vant” to the punished response, i.e., 
which shows no major change in fre- 
quency following the institution of pun- 
ishment. The punished responses in- 
trude only occasionally among a variety 
of other forms of behavior. If we as- 
sume that there is some over-all limit 
to the frequency of the avoiding re- 
sponses, & discrimination seems to be 
necessary. For if discrete avoiding re- 
sponses were interspersed at random, 
regardless of what the animal might be 
doing, they would not conflict tem- 
porally with the appearance of the re- 
sponse which is punished and should 
have relatively little effect on its fre- 
quency. 

In order, then, to inhibit or suppress 
the punished response, the avoiding re- 
sponses must in a sense anticipate or 
forestall it by arising at just the mo- 
ment when this response itself would 
otherwise appear. They must, we might 
say, be correlated with its expected oc- 
currence. No “expectancy” construct, 
however, is required. The problem is 
much the same as the problem of ac- 
counting for the proper timing of avoid- 
ing responses to a signal, so that they 
may appear just prior to the primary 
stimulus. And the answer to this prob- 
lem, too, is quite analogous. 


CHAINING 


Neither our own everyday behavior 
nor the activity of one of our subjects 
in the laboratory is made up, in atomis- 
tic fashion, of a random series of dis- 
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crete and unrelated acts. Experimen- 
tally reinforced behavior, in particular, 
flows along in fairly orderly and regular 
sequences or “chains” (14, 30), as may 
be established by the most casual ob- 
servation. Most of our laboratory rec- 
ords, it is true, depend on timing or 
tallying a single response, such as press- 
ing a bar, turning to the right, or enter- 
ing a goal box. We do not and cannot 
record and quantify everything that the 
animal does. This should not lead us, 
however, to ignore, where relevant, the 
fact that the behavior which we are 
studying in the “modified Skinner box,” 
the T maze, or the Tunway actually con- 
sists of a continuous flow of activity 
from which we have rather arbitrarily 
abstracted a single, readily recorded ele- 
ment. 

Again we are forced to consider stim- 
uli which are not directly under the 
control of the experimenter, for each of 
the actions in a behavioral sequence has 
some effect on the current stimulation, 
An action may enlarge, contract, add, 
subtract, or otherwise alter some set of 
visual stimuli as the animal turns his 
head or moves about; it may bring him 
into physical contact with some object 
in his environment, such as a bar, a 
pellet, a barrier, or a wall; it may pro- 
duce apparatus noises or bring new 
odors; or, as a minimum, it will nor- 
mally produce a certain amount of 
proprioceptive stimulation. Although 
these stimuli arise in the chain as a 
natural consequence of the animal’s own 
behavior, without any special interven- 
tion by the experimenter, we can largely 
duplicate their relationships to a par- 
ticular response or their own interrela- 
tionships by direct experimental manip- 
ulation. Work of this sort has been 
conducted largely under the headings of 
discrimination training and secondary 
reinforcement. 


DISCRIMINATIVE AND REINFORCING 
STIMULI 


A given chain is completed and re- 
inforced only when the necessary mem- 
bers occur in the proper sequence oF 
order. It will not do, for example, for 
the animal to go through the motions 
of pressing a bar when it is at the op- 
posite end of the cage, or to chew bes 
fore the pellet is in the mouth. The 
function of signalling, so to speak, when 
to make a given response, or of “setting 
the occasion for” this response, is pen 
formed by the stimulus elements in the 
chain. There is a three-term relation- 
ship here: discriminative stimulus— re 
sponse — reinforcement. It is only i" 
the presence of the discriminative stim- 
ulus, as Skinner has called it (30, 31) i 
or S?, that the next response in the 
chain is appropriate and actually leads 
to a reinforcing state of affairs. This 
relationship is probably well known to 
Most of my readers and need not be 
labored here. Empirical demonstrations 
are numerous. They show that whe? 
the reinforcement of a given response 


©. Pressing a bar—is made to de- 


pend on the prior presence of a certal? 
stimulus, be it wholly arbitrary, the ane 
mal comes to make the response quit? 
promptly (4, 29, 30), or with increase 

frequency (5), when the stimulus aP” 
Pears, but fails to respond with any 
great frequency when this stimulus Í$ 
absent. 

One of the stimulus functions, tne 
which is crucial to the formation of # 
chain, is the acquisition by this stimu- 
lus of discriminative properties. p 
addition it would appear that such stim- 
uli also acquire reinforcing properties, 
along with their discriminative role, 5 
that they also serve to maintain the 
Strength of the response which produces 
them (e.g. 10, 30). Although the a 
quisition and loss of this property see™ 
to be governed by the same factors 
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which govern the acquisition and loss 
of a discriminative property (4, 7, 22 
39), we customarily refer to these stim- 
uli—while exercising their reinforcing 
function—as secondary reinforcers. j 
EN us now consider what happens 
n an aversive stimulus like shock is 
applied as a punishment following some 
pa ulate member of the chain. Again 
ao three-term relationship: dis- 
sive Inative stimulus—response — aver- 
a stimulation. The punished re- 
na follows upon its appropriate 
a e the punishment itself follows 
ae abio response; thus, through the 
lor. on n of the animal’s own behav- 
tener stimulation is paired or 
srir e rather specifically with the 
E inative stimulus for the punished 
chain se. If, furthermore, the entire 
fairly is run off fairly regularly and 
tip megs the aversive stimulation 
sone ok follow rather closely upon 
in the the stimuli which appear earlier 
closel Sequence. And finally, it is 
tion, associated with whatever stimu- 
of the may arise during the execution 
262. poaa act itself (12, 16, p. 
analysi ). This reduces to the same 
an if we break down what we had 
a Sing regarded as a single act into 
its ah detailed sequence or chain in 
n right. 
is oe stimuli, then, play a role which 
hal” in ar to that of the “warning Sig- 
ance tr the conventional study of avoid- 
ich ‘aining. Patterns of stimulation 
Bly sare these elements are more 
mo more frequently paired with 
aS aver ck, and should be more effective 
tmint compounds; responses which 
i ally € these elements should be max- 
Oceasig reinforced; and by “setting the 
these a for maximal reinforcement, 
Re ee elements should serve as 
avoidin discriminative stimuli for the 
fi & responses. (We do, in fact, 
that arbitrary stimuli which indi- 


Cate 
the punishment or nonpunishment 


of a given response do affect its fre- 
quency [6].) In a sense, then, these 
are not only discriminative and rein- 
forcing stimuli for members of the chain 
but discriminative and reinforcing (i.e., 
by their termination) stimuli for a cor- 
responding set of avoiding reactions. 


DIFFERENTIATION OF THE AVOIDING 
REACTIONS 


Just as the animal must learn to make 
his avoiding responses at the time when 
the punished response is about to occur, 
to make them temporally incompatible, 
so he must also learn to make his re- 
sponses of such a form that they are 
physically or topographically incompati- 
ble with the punished response (or with 
earlier members of the chain). It is 
obvious how this occurs. The pairing 
between the discriminative stimuli and 
the punishment is mediated, as I have 
said, by the animal’s own behavior on 
continuing with the chain and making 
the punished response. The avoiding 
responses are reinforced precisely be- 
cause they are incompatible with the 
original sequence; otherwise, they too 
would be followed by shock. While we 
cannot specify the exact form which 
these new responses will take, we can, 
from our knowledge of the basis of their 
reinforcement, make some tentative pre- 
dictions. 

First, the animal may halt, “freeze,” 
or hold a pose. This probably involves 
a fine-grain vacillation between incip- 
ient movements toward completing the 
chain and opposing movements which 
serve to restore the original position 
(38). There may be some tendency 
for the animal to hold these positions 
d longer durations (12, 
Experiment 3), as this further delays 
the punishment. But this development 
will be limited by the strength of the 
iginal chain (35, 38), and the mean 


orig 
duration of these holding responses will 


for longer an 
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presumably reflect most of the variables 
which influence the original rate of the 
punished response. 

Again, the animal may make re- 
sponses which are incompatible with 
the next member of the chain and serve 
as digressions from the sequence. Even 
a slight delay in the completion of 
the chain may to some extent be re- 
inforced, and a certain amount of seem- 
ingly pointless “boondoggling” may be 
expected, like the dilatory behavior of 
a small child heading for bed. The ani- 
mal may scratch himself, stand on his 
hind legs, “wash his face,” or push the 
sawdust about. If these responses do 
nothing to cancel the previous member 
of the chain, however, they may well 
be followed by immediate completion 
of the original sequence. 

A certain premium is therefore placed 
on those forms of response which 
“undo” or cancel out one of the mem- 
bers of the sequence by an opposing 
movement or a reversal of the progres- 
sion. The animal may let the bar come 
up again; he may drop or let go of some 
object; he may turn his head away from 
the visual stimuli; or he may withdraw 
bodily from the locus of the punishment. 
These responses remove the most impor- 
tant elements of the aversive pattern, 
namely, the discriminative stimuli for 
the next response in the chain. Fur- 
thermore, they “set him back” in his 
progress, so that he is forced to repeat 
one or more members of the chain to 
get back to the point where he was be- 
fore. Thus, some differentiation of the 
form of the avoiding responses would 
seem likely, on the basis of selective re- 
inforcement—variations in the temporal 
interval between the response and the 
punishment (27, 28, 36, 37). Lengthy 
sequences of incompatible responding, 
such as wandering to the opposite end 
of the cage, might be strengthened to 
some extent if the original sequence is 


weak; but these too are limited by the 
tendency to return to the chain. If the 
punished behavior is relatively strong, 
they may even be “crowded out” by the 
combined interference resulting from the 
original chain plus more localized avoid- 
ing responses. The over-all situation 5 
reminiscent of the “equilibrium” studie 
by Miller, Brown, and Lipofsky (in 15), 
although their analysis is limited to 4 
somewhat specialized situation. 


SUMMARY 


By punishing an animal for making 4 
given response (that is, by applyiné 
aversive stimulation), we can reduce its 
frequency of occurrence. The purpos® 
of this paper has been to show how We 
can fit this observation into a on 
general theoretical framework withou 
adding new and independent principles 
to our system. Accordingly, I bave 
tried to deduce the main effects © 
punishment from the principles already 
demonstrated in studies of secon 
ary aversive stimulation and avoidance? 
training. In general, my hypothesis AE 
run as follows: The punished respo”s 
is not an isolated incident, in vait i 
but a member of some sequence or cha! 
of responses which is linked together bY 
a series of discriminative, and there 
secondary reinforcing, stimuli. a 
stimuli which come immediately bef 
the punished response are paired h 
the response itself with the ensuing PY” 
ishment. By virtue of this pairin® 
they gain an aversive property in A 
own right. Any form of behavior whi 
is incompatible with some member i 
the chain and delays the completion ad 
the sequence will be reinforced, r 
thereby conditioned and maintained, ?? 
the corresponding elimination or ee 
formation of these conditioned of od 
ondary aversive stimuli. These * 
sponses are functionally equivalent 
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the responses which are investigated in 
a formal study of avoidance condition- 
ing. The fruitfulness of this hypothesis 
may therefore be tested by a detailed 
comparison of the functional relations 
observed in studies of punishment and 
Studies of avoidance training. 


REFERENCES 


1, Bartow, J. A. Secondary motivation 
through classical conditioning: one trial 
nonmotor learning in the white rat. 
Amer. Psychologist, 1952, 7, 273. (Ab- 
stract) 

p Brown, J. S., & Jacons, A. The role of 
fear in the motivation and acquisition 
of responses. J. exp. Psychol, 1949, 
39, 747-759, 


3, 

Coprock, H., « Mowrer, O. H. Inter- 
trial responses as “rehearsal”: a study 
of “overt thinking” in animals. Amer. 


4. Dae ZS9chol, 1947, 60, 608-616. 

+ Uinsmoor, J. A. A quantitative compari- 
son of the discriminative and reinforc- 
ing functions of a stimulus. J. exp. 

p,ZS9chol, 1950, 40, 458-472. 

INsmoor, J. A. The effect of periodic 
reinforcement of bar-pressing in the 
pence of a discriminative stimulus. 
» comp. ; i 

E physiol. Psychol., 1951, 44, 

Insmoor, J. A. A discrimination based 
P punishment. Quart. J. exp. Psychol., 

7, Daa 4s 27-45. 

tNsMoor, J. A. Resistance to extinction 
following periodic reinforcement in the 
Presence of a discriminative stimulus. 
i physiol. Psychol., 1952, 45, 
* Dotraro, J., & Mure, N. E. Personality 
and psychotherapy. New York: Mc- 

9. p, Craw Hill, 1950. 
Stes, W. K. An experimental study of 
erent Psychol, Monogr., 1944, 

idi wg è No, 3 (Whole No. 263). 

T TER, C. B. Sustained behavior under 
delayed reinforcement. J. exp. Psychol- 

MW. Gye 45, 218-224. 
eons E. R. The psychology of learn- 
196 (Rev. Ed.) New York: Harper, 

erreren, R. F. An experimental study 
19 avoidance. Genet. Psychol. Monogr- 

13, Beet 42, 231-934. 

cme E. R., & Marquis, D. G. Con- 
itioning and learning. New York: Ap- 
Pleton-Century, 1940. 


12, 


14. Kerter, F. S., & SCHOENFELD, Ww. N. 
Principles of psychology. New York: 
Appleton-Century-Crofts, 1950. 

15. Mutter, N. E. Experimental studies of 
conflict. In J. McV. Hunt (Ed.), Per- 
sonality and the behavior disorders. 
Vol. 1. New York: Ronald, 1944. Pp. 
431-465. 

16. Mownrer, O. H. Learning theory and per- 
sonality dynamics. New York: Ronald, 
1950. 

17. Mowrer, O. H. Motivation. Annu. Rev. 
Psychol., 1952, 3, 419-438. 

18. Mowrer, O. H., & KLUCKHOHN, C. Dy- 
namic theory of personality. In J. McV. 
Hunt (Ed.), Personality and the be- 
havior disorders. Vol. 1. New York: 
Ronald, 1944. Pp. 69-135. 

19. Mowrer, O. H., & Lamoreaux, R. R. 
Avoidance conditioning and signal dura- 
tion—a study of secondary motivation 
and reward. Psychol. Monogr., 1942, 
54, No. 5 (Whole No. 247). 

20. Mowrer, O. H., & LAMOREAUX, R. R. 
Fear as an intervening variable in 


avoidance conditioning. J. comp. Psy- 
chol., 1946, 39, 29-50. 
21. Mowrer, O. H., & Lamoreaux, R. R. 


Conditioning and conditionality (dis- 
crimination). Psychol. Rev., 1951, 58, 
196-212. 


22. NOTTERMAN, J. M. The interrelationships 


among aperiodic reinforcement, discrim- 
ination learning, and secondary Tem- 
forcement. J. exp. Psychol., 1951, 41, 
161-169. 

Pace, H. A. & Hatt, J. F. Experimental 
extinction as a function of the preven- 
tion of a response. J. comp. physiol. 
Psychol., 1953, 46, 33-34. 

24, SCHOENFELD, wW. N. An experimental ap- 

proach to anxiety, escape, and avoid- 
ance behavior. In P. J. Hoch & J. 
Zubin (Eds.), Anxiety. New York: 
Grune & Stratton, 1950. Pp. 70-99. 
25. SCHOENFELD, W. N., & ANTONITIS, Ts J 
A function of respondents jn the ex- 
tinction of operant responses. Conf. 
exp. Anal. Behav—Notes, 1949, No. Li, 
(Mimeo.) 
26. SHEFFIELD, F. D. Avoidance training and 
the contiguity principle. J. comp. 
physiol. Psychol., 1948, 41, 165-177. 
27. SIDMAN, M. Avoidance conditioning with 
brief shock and no exteroceptive warn- 
ing signal. Science, 1953, 118, 157-158. 
28. SIDMAN, M. Two temporal parameters 
of the maintenance of avoidance be- 
havior by the white rat. J. comp. 
physiol. Psychol., 1953, 46, 253-261. 


23. 


46 James A. DINSMOOR 


29. SKINNER, B. F. The rate of establishment 
of a discrimination. J. gen. Psychol., 
1933, 9, 302-350. 

30. Sxnyner, B. F. The behavior of organ- 
isms. New York: Appleton-Century, 
1938. 

31. SKINNER, B. F. Science and human be- 
havior. New York: Macmillan, 1953. 

32. Stone, G. R. The effect of negative in- 
centives in serial learning: II. Incentive 
intensity and response variability. J, 
gen. Psychol., 1950, 42, 179-224, 

33. THORNDIKE, E. L. The fundamentals of 
learning. New York: Teachers Coll., 
1932. 


34. THORNDIKE, E. L. The psychology of 


wants, interests, and attitudes. New 
York: Appleton-Century, 1935. 
35. Torcorr, M. A. Conflict: a study of 


some interactions between appetite and 


aversion in the white rat. Genet. Psy- 
chol. Monogr., 1948, 38, 83-142. 

36. WARDEN, C. J., & Diamonp, S. A pre- 
liminary study of the effect of delayed 
punishment on learning in the white rat. 
J. genet. Psychol., 1931, 39, 455-461. 

37. Warner, L. H. The association span of 
the white rat. J. genet. Psychol, 1932 
41, 57-90. of 

38. Winnicx, Wima A. A study of incipieni 
movements in avoidance. Unpublishe 
doctor's dissertation, Columbia Univer» 


1950. r 
39. Wycxorr, L. B. The role of observing 
responses in discrimination learning: 


Unpublished doctor’s dissertation, Indi- 
ana Univer., 1951. 


(Received February 4, 1953) 


| 


Psychological Revieu 
Vol. 61, No. 1, 1954 


THE MEASUREMENT OF VALUES* 
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Pe paper I shall try to summa- 
ae riefly the attempts of several in- 
Stigators to extend the concepts of 
eet to the subjective domain. 
a this work is admittedly crude and 
an Oratory, the results do look promis- 
ie $ that this field should be challeng- 
TA or further study. Here we shall 
ees brief statements of the funda- 
is ideas without details of theory 
oe arpata procedure. Our pur- 
of thi ere is only to sketch the nature 
Is field of research. 
ae we Propose to measure human 
r ae, colleagues in the humanities may 
€r at the very idea. When I wrote 
a entitled “Attitudes Can Be 
rs i some of my colleagues did 
attitude, They were sure that social 
could es contain some essence that 
: not be identified and measured. 
ane A sure that, in making the at- 
Taia we would measure only the triv- 
ye an values are essentially subjec- 
eae} hey can certainly not be ade- 
a y represented by physical objects. 
Fa Intensities or magnitudes cannot 
Presented by physical measure- 
With eh At the very start we are faced 
jective Ẹ problem of establishing a sub- 
deve „metric. This is the central 
any In modern psychophysics in its 
of oaa a to the measurement 
etic : te moral values, and es- 
he alues. Exactly the same prob- 
utilit ’ppears in the measurement of 
y in economics. 
tig goder to establish a subjective met- 
e must have a subjective unit of 


1 Thi 

ciety He Baie was read at the Southern So- 

Ville, Vosophy and Psychology in Knox- 
ennessee, on April 11, 1952. 
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measurement. Before we can accept a 
subjective metric, it must satisfy the 
logical requirements of measurement as 
distinguished from rank order. These 
objectives have been approximated in 
the equation of comparative judgment 
and its variants. 

Before proceeding to discuss the 
many applications of the subjective met- 
ric, we shall review briefly the principal 
psychophysical concepts by which a 
subjective metric can be established. 

Let us consider these concepts in 
terms of a rather simple example, 
namely, the judgment of excellence of 
handwriting. When we look at several 
specimens of handwriting, it is fairly 
easy to select some that are considered 
to be excellent and others that are 
judged to be poor. In general, there is 
good agreement in such judgments. If 
we were asked to equate our judgments 
of excellence in a handwriting specimen 
to some physical measurements on the 
script, we would find it difficult. One 
of the main requirements of a truly sub- 
jective metric is that it shall be entirely 
independent of all physical measure- 
ment. In freeing ourselves completely 
from physical measurement, we are also 
free to experiment with esthetic objects 
and with many other types of stimuli 
to which there does not correspond any 
known physical measurement. 

If we present a single handwriting 
specimen to a subject with the request 
that he tell us how good he thinks it 
is, then he must try to convey the de- 
gree of excellence in terms of words. 
It is well known that people vary tre- . 
mendously in their use of superlatives 
in appraisals of experience, and, con- 
sequently, it is preferable to avoid such » 
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a direct procedure. Next we proceed 
to pairs of stimuli. We can ask the sub- 
ject to judge which is the better of two 
specimens. In so doing, the subject 
gives his comparative judgment for each 
pair and he is not asked to give any 
verbal description of excellence. 

The degree of excellence of a hand- 
writing specimen is experienced by the 
subject in terms of some subjective 
process or quale. Since nothing is 
known about the neurological correlates 
of judgments of excellence of handwrit- 
ing, we shall dodge all such terminology 
by merely referring to the discriminal 
processes by which the subject does, in 
fact, discriminate between the different 
specimens. These processes may be as- 
sumed to be physical or truly subjective 
according to the preferences of the in- 
vestigator. His preference on this point 
has nothing to do with the subsequent 
development of the law of comparative 
judgment. 

When the subject makes a judgment 
that one specimen seems to him to be 
better than another specimen, we postu- 
late discriminal processes which differ 
in some manner in terms of which the 
percipient does make the discrimination, 
The more excellent specimen has some 
quale which differs from that of the 
Poorer specimen. Imagine that the dis- 
criminal processes which correspond to 
different values are arranged in a spec- 
trum from those discriminal processes 
in terms of which the Percipient ex- 
periences the good specimens to the 
other end of the spectrum with discrim- 
inal processes in terms of which he ex- 
periences what he calls the poorer speci- 
mens. 

Consider next the phenomena of dis- 
persion. If one subject were to examine 
the same specimen in comparative situ- 
ations on a large number of occasions, 
it is not to be expected that he would 
always experience a p 


articular specimen 
with the same discrimina] process. It 


can be assumed that the same specimen 
will be experienced in terms of discrim- 
inal processes in the same general region 
of the subjective continuum that has 
been postulated. So far we have n0 
metric. 

At this point we recall one of the tun 
damental restrictions on the problem i 
establishing a subjective metric. T 
discriminal processes must be = 
to be of such a character that they : 
not necessarily have intensities or mage 
nitudes which can be in any sense 10023 
ured. This is an old problem that E 
discussed many years ago in psyc a 
physical theory. For theoretical ia 
siderations, imagine that the disg mi f 
processes could actually be identifie kes 
each occasion when the subject e 
a comparative judgment. The repea an 
observations of the same specimen ie 
be assumed to produce an error va 
tion from one occasion to the next. 
we consider the relative frequencies ig 
these discriminal processes as reSP° "e 
to the same stimulus, then we can es 
late a Gaussian error distribution rriok 
responses to the repeated observa ase 
of the same stimulus. Let us ate 
sume that the spectrum of discrim"; 
Processes is stretched or contracte the 
different parts in such a way ae a 
frequency distribution of these prot im- 
is Gaussian in terms of any er it 
ulus. Now we have a metric, tric 
is so far an entirely arbitrary ™ the 
Imagine, at least in theory, that sor 
same procedure can be repeat? pe 
many different stimuli which os jp 
whole range of discriminal poe. js 
terms of which degree of excelle? ñ of 
experienced. It is now a questi? rics 
experimental fact whether the ™° ij 
determined for the separate stimu i re 
be the same when all of the stimu und 
considered together. It has been is the 
in many experiments that such Í 
case. del tbe 

If we represent in the same mo 
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Comparative judgment of two stimuli in 
Which the subject says for each presen- 
tation which of the pair is the better, 
then we can observe the proportion of 
attempts in which the subject judges 
Nag j to be better than specimen &. 
we have a whole table of such pro- 
Portions, it is possible to infer the spa- 
tial separations of the different distri- 
ae of discriminal processes. Each 
mulus is then assumed to project a 
ei distribution on the subjective 
a RSE with a mean and a discrim- 
will Ispersion. An ambiguous stimulus 
er a a wider dispersion on the 
Se sid continuum than a sharply de- 
ia relatively unambiguous stimu- 
i T ach stimulus will then be defined 
pasit subjective continuum by its mean 
nd TA which is called a scale value 
BE y the standard deviation of its dis- 
Stimul, of discriminal processes. Each 
ne us is then defined by two parame- 
In the subjective continuum. 
p ane we can put numbers into these 
origin a we must define an arbitrary 
valie w ich may be taken as the mean 
eo at one of the stimuli projects on 
one oe As a unit of meas- 
standard we may choose arbitrarily the 
Which th deviation of the dispersion 
jective at stimulus projects on the sub- 
ns continuum. When that has been 
Sige a numerical values can be 
th to all of the other specimens 
ju ima entered into the comparative 
ien Further, we can test for the 
model consistency of this theoretical 
= — be carefully noted that we 
Processes ego that the discriminal 
hey hay ave magnitudes of any kind. 
Subjectiy, e been dealt with merely as 
only ieee and we have assumed 
quency =, principle their relative fre- 
Stimulus ¢ association with any given 
Cannot hea be ascertained. While this 
cies can be One directly, these frequen- 
inferred indirectly from the 


observed comparative data. It should 
also be noted that we have not postu- 
lated the existence of any physical meas- 
ures of any kind for the stimuli that 
have entered into the comparative judg- 
ments. 

With this formulation of the law of 
comparative judgment, we are free to 
proceed with comparative studies of all 
kinds of stimuli which have no physical 
measure whatever. Hence we can turn 
to a wide array of interesting psycho- 
logical problems involving value judg- 
ments. The freedom from any postu- 
lated physical measurement is the key 
that makes studies of this kind possible. 

The method of comparative judgment 
turns out to be a rather general experi- 
mental procedure, and the well-known 
constant method in psychophysics is a 
special case in which one of the stim- 
uli is arbitrarily taken as the standard 
which is compared with all of the other 
stimuli. Classical psychophysics was 
concerned with the more restricted prob- 
lem of limen determinations. 

We turn next to a brief review of 
some of the classical psychophysical 
methods because some of them have 
application in modern problems which 
transcend the determination of limens. 
In the method of equal-appearing inter- 
vals, the subject is asked to sort a large 
number of stimuli into a specified num- 
ber of successive categories, say six or 
eight or ten. He is instructed to sort 
them in such a way that the intervals 
represented by the categories seem to 
him to be equal. This method is use- 
ful for rough survey purposes, but it 
can be shown that, even when the sub- 
ject attempts to do this, he actually does ` 
not succeed in making the intervals sub- 
jectively equal. The method is, how- 
ever, useful for coarse scaling such as 
the construction of attitude scales. The 
old method of equal-appearing intervals 
has been modified into what we call the 
method of successive intervals, in which 
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the intervals are defined by descriptive 
phrases or by sample specimens. This 
method has been found to be very use- 
ful in various types of surveys to be 
i ed. 

oo of the old psychophysical meth- 
ods was to ask the subject to sort a 
number of specimens into rank order. 
It has been found that rank orders can 
be analyzed in such a way as to obtain 
data approximately equivalent to that 
of the method of paired comparison. 
The method of successive intervals can 
even be analyzed as a variant of the 
method of single stimuli. 

Since Weber’s law and Fechner’s law 
have figured so prominently in the his- 
tory of psychophysics, we shall make a 
few comments about these two laws in 
relation to the modern setting. These 
two laws are frequently referred to as 
the Weber-Fechner law with the impli- 
cation that they are the same law, but 
that is an error. It is possible to set 
up experiments with rather simple stim- 
uli in which one of these laws will be 
verified when the other one is not veri- 
fied. It would be useful to set up such 
experiments in order to show clearly the 
separation between the two laws. Web- 
er’s law states that the proportion of 
judgments R>&R is a constant, R 
signifies here the physical magnitude of 
the stimulus and & represents another 
constant. Weber’s law is concerned 
solely with physical measurements. It 
does not explicitly refer to the subjec- 
tive continuum. On the other hand, 
Fechner’s law states frankly the relation 
between the subjective continuum and 
the physical stimulus continuum. Fech- 
ner’s law states that this relation is 
generally logarithmic, and it should be 
taken as a rough approximation to the 
relation between the subjective and the 
physical continua. Further, it can be 
seen that Fechner’s law is applicable 
only to those stimuli which have a 
physical magnitude as well as an ex- 


perienced intensity. The law of a 
parative judgment is completely ie 
dependent of any physical err 
magnitudes. The problem of the sti : 
ulus error is not ordinarily of seriou 
concern to our problem. It deals we 
the ambiguity in the mind of the sur 
ject when he is asked to judge a sie 
lus as to the intensity of the subjec in 
experience. Sometimes he attempts af 
stead to judge the physical magniti S 
A good example is that of a go f 
clerk who can judge the weight wae 
bag of sugar. If he were asked to me 
as a subject in the method of ri 
gradation, he would probably Coie 
what Titchener would have calle to 
stimulus error. In the measuremeny , 
social values, we are not intereste D 
physical measurements because 1? ue i 
eral they do not exist for such T ap 
A very important advance in t ds was 
plication of psychophysical metho 4 e 
accomplished by Richardson ba ing 
devised the triad method for stu ee 
the dimensionality of a domam. + idge 
stead of asking a subject to Tome 
whether one stimulus is v-er than i 
other stimulus where x is any Sper jon 
attribute, he set up the discrimi t 
experiment in such a way that a 
tribute was specified. In the ™ 
of triads, the subject would be 5" pd 
three patches of color, for examP H js 
he would be asked to indicate W * pat 
the odd one with the implication n 
the remaining pair is more a this 
any other of the three pairs. 3 of 
way the subject can make judgm® rene? 
the degree of similarity or al ute 
without having any specified att! pe 
Data collected in this manner + oo 
transformed into the equation © ona 
parative judgment and the dimems"" oy. 
ity of the domain can then be e 
tained by the Young-Household® pg 
orem. Such a method can be Sie 
perimentally to determine the 
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ee of the various sensory modali- 
Perhaps the best known application 
of these experimental methods for the 
ay of values is in the measurement 
3 cial attitudes. The most sensitive 
en procedure is to present the 
ey with pairs about which he is 
ein ‘a make certain judgments. For 
os ple, he may be presented with pairs 
A ar age and he may be asked 
Biche ge for each pair which he would 
a = associate with. That type of ex- 
= ent has been carried out in sev- 
pele a The judgments that are 
a y the subject depend, of course, 
ioa on his own preferences which are 
and ri related to his own nationality, 
e judgments are also determined 
— nationalities that are judged. If 
fier of subjects are asked to 
E Se emeni of this kind, one can 
which the basis of objective evidence 
plat the two groups is more tol- 
extreme other nationalities. At one 
complet would have people who are 
ties, a y tolerant toward all nationali- 
ecm T would then also, of course, 
own, a etely indifferent about their 
Unal rose people would have no na- 
ia me or identification. At the 
are te pein we would have people who 
biased = be strongly prejudiced or 
altieg r hey would have extreme loy- 
islikes re nationalities and extreme 
We sho PE others. I doubt whether 
Stee d consider either of these two 
a es to be ideal. 
fnsta year ago Fred Eggan wrote a 
Went int hesis in psychology before he 
that ae the field of anthropology. In 
the Seat er’s thesis he wanted to know 
With refe of different forms of question 
five rence to nationalities. He had 


di : 
Sma questions representing dif- 
Btoups be of intimacy. All five 


ists of f subjects were given the same 
Wore aes of nationalities, but there 
ifferent questions. One group 


had the question, Which of each pair 
of nationalities would you rather asso- 
ciate with? Another group had the 
same nationality lists, but they were 
given the question, Which would you 
rather have as a fellow student? An- 
other group had the question, Which 
nationality would you rather have your 
sister marry? The proportions were 
superficially quite different, but the rank 
orders of the nationalities were essen- 
tially the same. In this case, we would 
probably find that the form of the ques- 
tion has a tremendous effect on the dis- 
criminal dispersion but relatively little 
effect on the order of the nationalities. 
The effectiveness of comparative judg- 
ment for studies of this type should be 
exploited further. 

In studying the measurement of so- 
cial attitudes, the attempt is sometimes 
made to validate such experiments in 
terms of overt behavior, but that is an 
error. Samuel A. Stouffer of Harvard 
wrote a doctor’s dissertation some years 
ago at the University of Chicago on this 
problem. He investigated social atti- 
tudes by means of statement scales in 
reference to the prohibition issue. He 
obtained data about his subjects as to 
their actual behavior on prohibition. 
He found that there was pretty fair 
agreement between what the subjects 
said on the attitude scales and how they 
actually behaved. I should like to point 
out that, while such a comparison is of 
considerable interest, it is not a valida- 
tion of the attitude scale. A man may 
be entirely consistent in what he says 
and in what he does about a contro- 
versial issue, and yet both of these in- 
dices may be dead wrong in reflecting 
his attitude. In order to determine a 
man’s attitudes in the sense of affective 
disposition about a controversial issue, 
it will be necessary for his friends to 
ask him privately when he is free to 
speak his mind and when he is not 
likely to be quoted. His personal atti- 
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tudes may or may not agree with what 
he says and what he does. Here again, 
attitudes are essentially subjective ex- 
periences which may or may not con- 
form with overt action. 

Another distinction in the study of 
social attitudes which is sometimes lost 
sight of is that the cognitive and the af- 
fective appraisals may be entirely inde- 
pendent. For example, a group of sub- 
jects may agree in their strong dislike 
of communism. Someone might give 
them an examination in order to show 
that the subjects actually do not know 
what they are talking about. That 
might very well be true, but the psy- 
chological fact is nevertheless inescap- 
able that the affective attitudes may be 
strongly for or against a stimulus even 
if there is a great deal of confusion 
about its cognitive description. 

The statement scale is not so sensitive 
as the paired-comparison procedure. It 
consists in a set of statements to which 
the subject responds by acceptance or 
rejection of each statement. In con- 
structing such a scale, one presents a 
large number of statements to a group 
of subjects whose principal qualifica- 
tion is that they can read English. 
These subjects are asked to indicate for 
pairs of statements which represents the 
stronger attitude for or against x, where 
x represents the psychological object to 
which the attitude scale refers. For 
Tough survey purposes, the attitude 
scales are useful, 

An interesting application of these 
methods of studying values is to ap- 
praise the effects of propaganda. We 
made a large number of experiments on 
the effects of motion-picture films on 
the social attitudes of high school chil- 
dren. Statement scales and paired-com- 
parison schedules of various kinds were 
given before and after the showing of 
a motion picture. By this method we 
were able to ascertain whether a given 
picture had a significant effect and in 
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what direction it did affect the chil- 
dren’s social attitudes. 


The method has also been applied in | 


the study of international tensions n 
noting newspaper editorials. In oa J 
those investigations a study was m i 
with Chinese and Japanese newb 
editorials concerning each other, an “8 
was shown, by treating key staten 
from the newspaper editorials, that ate 
tensions increased at a very great ' ai 
before the two countries were at W a 
Quincy Wright has suggested in ee 
litical science studies that such ane 
tions of psychophysical methods ve 
be useful in studying internationa kedi 
sions before they become very ma tive 
An application of these eee ye 
measurement methods which has n0 1 of 
been made will be in the denme 
the morale of a group. In en 
morale of a group is described te mis 
Paper reporters and by others W. h the 
their own value judgments hag? e 
characteristics of the group to how 
scribed. For scientific work we T en 
have a definition of morale which ude 
tirely independent of the value dfi 
ments of the observer. Such 2 e 
tion could be stated in terms «sus 
dispersions of all of the debatable tions 
within the group. Other applica ral 
would be in the comparison of i e 
and nationality differences as esse™ 
values that are considered to be €? y- 
tial. It is unfortunate that moi a 
dents of social psychology and ph ed t 
science are too descriptively mi”! 
adapt the quantitative methods 
may be available. ; ment 
Let us turn next to the experi e cal 
study of moral values. We nicl G 
tied out several experiments in WP" of 
group of subjects was given a pait’, 
Offenses that were presented in a peð 
For each pair the subjects were com” 
to indicate which of the pair they “jpe 
sidered to be the more serious. ith the 
basis of data of this kind and Wi 
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aid of the equation of comparative judg- 
ment, we ascertain the scale values and 
dispersions for these offenses. In one 
a we gave a group of high school 
= en such a list of offenses and 
is etermined the scale values and 
oo for these stimuli for three 
= are The first presentation was 
tha y or two before they saw a film 
s described the life of a gambler. 
e days after seeing the film they 
e Slven the second similar schedule. 

; a months later they were given 
A T schedule. The film described 
ie i of a gambler and we wanted 
Dreciabl whether this film had an ap- 
igh i effect on the attitudes of the 
oli ool youngsters toward gambling. 

; nd that they considered gambling 
Mie a more serious offense after 
teing en film than they did before 
iene film, In a number of ex- 
that the S of this type, we also found 
asting monon pictures had much more 
asa elfects than is ordinarily sup- 
only hee, many cases we found that 
Off in bea the effect of the film wore 
“i months. It should be said, 
Cattieg ” that these experiments were 
out in small towns in Illinois 
novies = children do not see so many 
tieq 3 S in the large cities. We car- 
Hya ut a similar experiment in the 


Where ¢ 
Mov: 


e š 
Wher ring High School in Chicago 
tickets children were given free 
ater . © a movie at the Tower The- 


found ne” blocks away. There we 
Our int at the effect was very slight. 
More o, pretation was that one movie 
Cit i less for children in a large 
fere B School makes very little dif- 
ue their attitudes. These meth- 
seq ver udying moral values could be 
of di os effectively in the comparison 
Stouns Hy groups in a large city. The 
wl She Tepresent different nation- 
tome a5 and different religious 
© ascertaj S. It would be interesting 
an what these differences would 


be. Such social psychological studies 
would help us to understand the prob- 
lems of the extremely heterogeneous 
populations in the large cities. In a 
similar manner we have investigated ex- 
perimentally the summation effect in 
propaganda where the effect of a single 
stimulus does not show a statistically 
significant effect. 

Another interesting field of applica- 
tion is in experimental semantics. It 
would be useful, for example, to have 
an index of affective intensity for ad- 
jectives in a dictionary. Two adjectives 
may be equivalent as to cognitive mean- 
ing and yet differ widely in affective 
meaning. The words famous and no- 
torious might be examples. So are 
the words pleasant, gay, and hilarious. 
Such affective indices would be useful 
in translating a foreign language. 

We turn now to another type of psy- 
chophysical problem. In the psycho- 
physical methods that we have consid- 
ered so far the main problem was to 
allocate each idea or object to a sub- 
jective continuum which may be uni- 
dimensional or multidimensional de- 
pending on the nature of the problem. 
In most problems it is unidimensional. 
For example, if we ask subjects to judge 
the relative seriousness of offenses, we 
are dealing frankly with a unidimen- 
sional continuum, even though the dis- 
criminations may take place in a mul- 
tidimensional continuum. We have 
here an obverse psychophysical prob- 
lem. Having determined the subjec- 
tive space which describes a group of 
subjects as to their attitudes in some 
field, we now inquire whether we can 
predict in any way what these people 
will do. When we turn the psychophys- 
ical problem in this manner, we find 
some exceedingly interesting psycho- 
physical theorems of a new kind. I 
shall give a few examples. 

Consider two political candidates -for 
an election. Let one of them have a 
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wide dispersion on the affective con- 
tinuum. By this we mean that some 
people are very enthusiastic about this 
candidate, whereas others actually hate 
him. Let the other candidate have the 
same average popularity, but assume 
that he has a narrow dispersion so that 
very few people are enthusiastic about 
him and very few people strongly dis- 
like him. If these two candidates come 
to an election, we should expect them 
to split the vote evenly. However, the 
more variable of these two candidates 
might introduce a third candidate of 
approximately equal popularity and who 
also has a narrow dispersion. Then we 
would have three candidates, one with 
wide dispersion on the affective con- 
tinuum, and two candidates of narrow 
dispersion, and all three of them would 
be equally popular on the average. In 
such a situation, the more variable of 
the candidates would draw half the 
votes and the other two candidates 
would get twenty-five per cent each. 
These proportions would be altered 
somewhat depending on intercorrela- 
tions between the attitudes toward the 
candidates, but the principle can be 
illustrated in the general case for zero 
correlation. This principle is no doubt 
well known among politicians, but I 
doubt whether any of them have ever 
thought of this principle as a psycho- 
physical theorem. 

Let us turn to another simple exam- 
ple from the field of market research. 
Consider a mail-order house or a retail 
store which carries a limited number of 
neckties. They desire to please the 
majority of their clientele. The manu- 
facturers offer many hundreds or thou- 
sands of necktie patterns. If you turn 
to market research people with this 
problem, they may ascertain the 20 or 
30 or perhaps 50 of the most popular 
designs, and they may suggest that 
these be the designs that should be car- 
ried. But that is the wrong answer. 


tie 
Suppose that several hundred e 
patterns were submitted to 4 rds ont 
of the clientele. With such recors 
could rather easily determine re it 
which patterns should be an houli 
also the number of patterns tha eci 
be carried in order to satisfy 7 AP aul 
proportion of the clientele. design 
start with the most popular desi iy 
set that aside to be included din 
sample population we would t ae pa 
inate all who chose that POPU" pou 
tern. Then we would inquire iw 
the most popular pattern in the al 
der of the sample population: e se 
pattern would be set aside limina int 
ond design to be accepted. Eli e wo! 
those who chose that pattern, a n" 
ascertain the most popular pa tio” 
the remainder of the sample por com 
Proceeding in this way, we WO nal pit 
to the point where an addit® od W 
tern would increase the selec of UM 
only a very small percentage a ti 
population and that would be e coil 
to stop. In such a procedure re 4 
determine the number of pen a 
well as the designs which or fe 
used in order to satisfy a spec” nat! 
Portion of the clientele. The o lt 
solution of selecting the most P% per? 
designs would lead to a situatio” pak 
some customers are confused Pr uoh 
ing many patterns which are © po, 
acceptable while other custome" „s 
nothing to please them. The , pj 
mum satisfaction will be deriv? pa" 
Proceeding in some such way 45° 9 
outlined, There is nothing pro oul! 
about this Procedure, and yet it arch 
Probably be novel in market Tes 5 j 
There are situations where probler ce 
this sort can be of national impo t w 
If it should be Necessary to restr p i 
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to please the majority of the civilian 
Population, In this manner the psycho- 
Physical methods may be important in 
contributing toward national morale. 
oes we made an experiment on 
= Predictor of choice with regard to 
z us, In this problem we were con- 
"ned with the simplification of psycho- 
Physical methods to the point where 
nie, would be practicable for survey 
of ie The psychophysical methods 
at e laboratory are often too laborious 
halls used in practical surveys. It was 
ided to adapt the method of suc- 


. Cessiva + 
essive intervals for this problem. We 


= nted a list of 40 foods on a suc- 
su ‘Ive interval schedule in which each 
sin J, ct was asked to indicate by a 
Sle checkmark his relative degree 
ike or dislike for each food item. 
Phr: re were nine short descriptive 
me a which represented degrees of 
e and dislike for foods. This sched- 
hin 40 items required less than five 
eae for each of several hundred 
short men subjects. In addition to this 
senteg vey schedule, we also pre- 
ted them with 16 menus in which 
woi were asked to indicate what they 
TRS be likely to choose from each 
Nees For example, there were four 
Othe of desserts, several lists of entrees, 
a lists of vegetables, and the like. 
Me each menu the subjects were asked 
rely to check which they would se- 
Crea: from a given list. Vanilla ice 
sert. Occurred in several of the des- 
sul menus, The proportion of the 
jects who select vanilla ice cream 
Or dessert depends, of course, in part 
On their relative like or dislike for this 
essert, but the selections would also 
epend on the competing items in the 
essert list. By the application of the 
Method of successive intervals and some 
theorems in psychophysics, We Predicted 
the proportion of the subjects ae 
Would select each one of the items and 
there were 56 such predictions. These 


predictions were based entirely on the 
short, five-minute schedule for the 
whole list of 40 foods. We compared 
these predictions with the actual choices 
that the subjects made when they were 
confronted with the actual menus. The 
agreement was remarkable. The masi- 
mum discrepancy was between 3 and 4 
per cent with one conspicuous excep- 
tion for a dichotomy, namely, roast beef 
and fried chicken. The ratings for these 
two items were both in the upper two 
categories and the discrepancy was there 
8 per cent, which was probably due to 
the effect of coarse grouping. The ex- 
periment demonstrated quite adequately 
that the prediction of choice can be ef- 
fectively made with very simple survey 
schedules if these schedules are properly 
analyzed. 

Some of these experiments deal with 
rather trivial values while others deal 
with socially more important values, but 
our principal concern here is in the de- 
velopment of those scientific methods 
which can be adapted over a wide range 
of values whether they be socially im- 
portant or trivial. 

We turn next to the application of 
psychophysical theory to some experi- 
mental problems in economics. For a 
long time there has been considerable 
interest in the measurement of utility, 
but the measurements have generally 
been indirect. Psychologists have been 
able to measure utility experimentally 
for over two decades, but economists 
have not until very recently expressed 
interest in these methods. In the last 
few years there seems to have been a 
marked change 1n the attitude of econ- 
omists to these problems. In principle, 
utilities can be measured for an indi- 
vidual subject, but it is easier experi- 
mentally to apply these methods to the 
measurement of utility for a group of 

4 8 p o: 
subjects. Psychophysical theory lends 
itself well to a number of variations in 
the measurement of utility. For exam- 


judge whether the satisf. 
and B is greater or less than the antici 
pated satisfaction from the single birth. 
day present C, By judgments of this 
sort we expect to be able to locate the 
zero point of utility because the sum of 
the affective values of A and B com- 
bined should equal the utilities for these 
two objects taken separately. Within 
the range of the experiment with a small 
number of different objects to be se. 
lected, an additive theorem can be as- 
sumed to hold reasonably well. Dimin- 
ishing returns would probably not be 
noticeable within the choice of four or 
five different objects. 

In making these adaptations of psy- 
chological measurement theory to eco- 
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nomics, one naturally wonders mie 
economics could be developed i 
experimental science. Although to 
not an economist, it has seemed houl 
entirely feasible that economics a 
be developed as an experimental ae 
In discussing this question wil that 
of my friends in economics, I find is 
they are divided. Some of them neve! 
emphatically that economics can es 
be an experimental science, while W je: 
are equally certain that this is P® the 
As an example we might conside 
indifference function in economic oh 
ory. An indifference curve can Pepi 
sidered as a curve showing the com y 
tions of two commodities X 4” 
which have the same utility value its 
the amounts of the two commo axe’ 
are considered to be the x and 7 ik 
ina three-dimensional model, the? ate? 
ity can be considered as the ordi 
which are Perpendicular to ue ul 
Plane. An indifference curve ™ el 
then be a horizontal section P ao 
to the xy Plane which represents © of 
stant utility, For different valu p 
utility we would then have section y 
different elevations which give 4 pee” 
ily of indifference curves, Tt bas c 
shown that these indifference curves gre 
e determined experimentally. E 
are many situations of controlled pe 
omies where the shapes of thes? | 
be studied experiment u 


‘uations are in occupie ‘ 

a °F in prisons and in other situa va 

central contro] of prices the 

c Aa the price of a commodity: ap 
‘ nges m the indifference curves 

Eer e Perimentally. tio” 

nal example of the adapt. 

5 

ree Ychophysical theory in the mene 

S m of values, we shall conside" g 

be ters Tie ics. Jf esthetics wer? 3 

Barded as a purely normative °g 


ti 

0uld expect the esthé 
Hane 22 object to be determined n 
'YSical Properties, Such an int 
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pretation seems well-nigh hopeless. It 
mee more fruitful to recognize 
det the esthetic value of an object is 
m aa entirely by what goes on in 
P ad of the percipient. In this 
al er of looking at the problem we 
fea again with values that are subjec- 
aa es and which may vary 
tain! Fi person to another and cer- 
eia: rom one culture to another. An 
tiil o object symbolizes human emo- 
a Gon experience and its resolution in 
cept “game's and abstract manner. Ex- 
Sie extreme cases the esthetic ex- 
ad 1s not itself emotional. It is 
nothine y an abstraction. There is 
Sete absolute about the value of an 
eiim object. The esthetic value is 
attit ined by the experience and the 

tudes of the observer. 
T time ago I attended a series of 
one of rs on esthetics at the home of 
teias colleagues. Most of the par- 
Tieni in that seminar were from the 
Were : les and the arts. The seminars 
a evoted to discussions about the 
red esthetics. In some of those 
Gusting © it occurred to me that the 
question at issue could be treated as a 
ventured of experimental fact, and I 
p Yeal to suggest how the psycho- 
hae, methods could be adapted to 
tion nie empirical answer to the ques- 
experie issue. It was an illuminating 
tieta e to discover that some of my 
to the in the humanities were hostile 
ü Satan idea of subjecting questions 
n nape theory to empirical inquiry. 
owa, of those occasions a friend 
that sti a quotation from Aristotle 
oes ed the matter for him. It was 
ce Ret I suggested that we knew 
rtiste out this problem than Aristotle. 
experimen sometimes suspicious of the 
ences ip study of artistic prefer- 
onetime perhaps with some reason. 
ade mes experimental studies are 
Bator m esthetics _When the investi- 
1s interested in secondary effects 


rather than in the esthetic experience. 
On the other hand, I have found some 
artists who are very much interested in 
such inquiry. A friend who is a por- 
trait painter frequently encouraged ex- 
perimental studies of this kind at the 
Art Institute in Chicago. Unfortu- 
nately I have not been able to induce 
many students of psychology to study 
experimental esthetics. 

In closing I should like to comment 
briefly on the social studies as science. 
It is unfortunate that the social studies 
have rather low prestige among the sci- 
ences. I believe that this is what we 
should expect because a large number 
of researchers in the social studies have 
not adopted the impartial, objective, 
and intellectual attitudes of science. 
Quite generally in these fields the writ- 
ers argue for social action of some kind, 
about the right and wrong ways of life, 
about what is good and what is evil in 
the opinions of the writers, about the 
good and the bad names and categories 
for describing their political friends and 
enemies. It is still true that social sci- 
entists rather frequently fail to study 
social phenomena as science to identify 
the forces at work without name call- 
ing and without injecting their own 
value judgments into what they are de- 
scribing. As long as social scientists 
fail to distinguish between propaganda 
and science they will have low prestige 
among the sciences. 


SUMMARY 


This paper has been concerned with 
the problems of a subjective metric. 
Social studies do not need to be quan- 
titative in order to qualify as science. 
Some of the most important experiments 
in science deal first of all with the de- 
scription of basic phenomena in a quali- 
tative way. It usually happens that 
quantitative methods appear with more 
intensive study. Here we have con- 
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sidered some exploratory attempts to 
establish a subjective metric for the 
measurement of values. I have not 
succeeded in persuading social science 
students about the fascinating challenge 
to develop their field as science. To 
do so, we must free ourselves from the 
impulse for social action which has no 
place here. We should avoid problems 
in which we have an axe to grind. As 


citizens we have the privilege and the 
duty to participate in political elections. 
But when we work as scientists we 
should be aloof from the issues of the 
moment and to the chatter of the mar- 
ket place. Only in scientific detachment 
and objectivity can we eventually be 
helpful in developing the social studies 
as science. 


(Received April 8, 1953) 
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Saeed we like it or not, a theory 
a i points two ways. In one 
In the n it points to better experiments. 
rida Bass direction it points to a 
of beha lat would reproduce the aspect 
explain ae which the theory is used to 
Bee it is the unfinished blueprint 

2 ag a model. 
oe not so readily understood that 
the oe depends on the second; 
order rea must point to a model in 
Quite oft Point to better experiments. 
Stood aes because this is not under- 
loo mA further implication is over- 
ished pe rely he more nearly fin- 
periments blueprint, the better the ex- 
iSto s will be. Iwill try to justify 
graph pasion briefly in the next para- 
size its Hi first I would like to empha- 
ent discu ain consequence for the pres- 
cal” or Ussion. This is that “mechani- 
merely (ucural” models are superior to 
o A a cal ones because they 
Print, Th, a more nearly finished blue- 
telan ey tell us not only the type 
Ype of lons that must occur, but the 
ust PE in which these relations 
e bile and how the relations can 

Š into this kind of material. 

SDecifeg o antage of the completely 
0 allow model or mechanism would be 
nom synthetic reproduction of the 
enon under investigation. Syn- 


* Thi 
Sertation Paper is based on portions of a dis- 
Batia] gs to Harvard University in 
iD, egr, lment of the requirements for the 
bo SUpport, in social psychology. The work 
ap tie of e by a Research Training Fel- 
R and by f e Social Science Research Coun- 
lations anes of the Laboratory of Social 
is „arvard. The writer wishes to 
appreciation to Professor R. L. 


mon 
Si fi {i 
UBgestions his many helpful criticisms and 


59 


thetic reproduction gives the ideal solu- 
tion to the main scientific problem: it 
apportions the variance of the phenom- 
enon under investigation to the various 
causal constituents with no variance left 
over and not one too many causal con- 
stituents. Thus, it selects from the mul- 
titude of conditions that surround any 
phenomenon precisely the complex in- 
gredients that are necessary to produce 
the phenomenon. In so doing, it gives 
the basis for a descriptive language that 
will not be crowded with irrelevant con- 
cepts, nor lacking in crucial ones, but 
rather will have just one concept for 
each important variable and none left 
over. 

This would be the advantage of a 
completely specified model; the nearer 
we approach the completely specified 
model, the more we approach these ad- 


vantages. Thus, it is to our advantage 
to get more specifications into the un- 
finished blueprint for the model. I be- 

lication is that an 


lieve the further imp 
approach toward a mechanical model 
will always be beneficial. 


THE ADEQUACY OF THE MODEL 


TO THE DATA 

il, however, in either 
of two directions. On the one hand, it 
may be so incompletely specified as to 
fail to provide an adequate descriptive 
language and to carve out crucial vari- 
ables. On the other hand, it may be 
more or less completely specified, but 
fail to reproduce the phenomenon under 


investigation. 

My contention is that Hull’s model 
(2, 3) is more completely specified than 
Tolman’s (6); in this sense Hull has 
the edge. Tolman, on the other hand, 


A model may fa 
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presents a model that seems to repro- 
duce more adequately the phenomena of 
learning and performance that are the 
subject matter of both theories; in this 
sense Tolman has the edge. I want to 
consolidate their gains. 

My purpose in the present paper, 
therefore, is to set forth a more com- 
plete blueprint for the model which Tol- 
man has presented. I will do this by 
giving a neural interpretation of Tol- 
man’s theory based in large part on 
Hebb’s (1) discussion of the properties 
of cell assemblies. 


ADVANTAGES OF THE MODEL 

As the proof of the pudding must be 
in the eating and not in any compli- 
cated rationalization, I will suggest at 
the end of this paper some of the 
advantages produced by the additions 
which I make to the Tolman theory. 
These come under three headings: (a) 
resolution of the problem of latent 
learning, (b) the stimulus control of 
ideas, and (c) the growth of approach 
motives. As it would do no good to 
expand on advantages before we have 
the theory, we proceed immediately to 


2,14 


7,15 


Fic, 1. The cell assembly described by Hebb 
(1, p. 73) 


an introduction of the various impor- 
tant points of the model. 


Hebb’s Cell Assembly 


The cell assembly described by Hebb 
(1) is most simply conceived as a three- 
dimensional lattice of neural paths pro- 
viding several complete circuits, and al- 
ternative paths from each junction point 
so that when an impulse finds one of 
the transmission units refractory, an- 
other path allows the impulse to stay 
alive within the system. Therefore, the 
system has the capacity to reverberate. 
The assembly is most easily understood 
on the basis of the diagram in Fig. 1 
borrowed from Hebb (1, p. 73). Each 
of the arrows in the diagram represents 
a single transmission unit, a single path- 
way. Although these are not considered 
by Hebb to be individual neurones, but 
rather low-order systems of neurones, 
we will take them to be the lowest order 
of functional units for our present ex- 
planation. Each pathway is refractory 
for a moment after an impulse has trav- 
ersed it. Therefore, without alternative 
pathways reverberation would quickly 
die out, for the impulse would come 
back a second time before a pathway 
could recover. Each cell assembly con- 
sists in a number of these paths; the di- 
agram represents a cell assembly. From 
the diagram, we can see how alternative 
pathways make reverberation possible- 
The impulse enters along the pathway 
marked 1,4, it proceeds to 2,14, and 
then through 3,11 and 1,4 again. 
this point, it finds 2,14 refractory, but 
there is an alternative path, 5,9. The 
impulse proceeds around according t° 
the numbers and is allowed to stay alive 
within the system because neither @ 
the pathways, nor too many of them 
are refractory at the same time. 

Hebb’s cell assembly as it stands 
has five properties that we should not? 
before we proceed. The first is reve" 
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e _ When an impulse enters the 
fher T it can reverberate without fur- 
BT monaton. Second, the cell as- 
eiT as relations to other internal 
A aa fa so that it can be aroused by 
A oe Third, it has rela- 
ee e peripheral receptors so that 
Youth e aroused by the environment. 
lets soe tends to have behavioral out- 
While ae is, it tends to control behaviors 
Ass ps aroused. F ifth, it has at least 
when it es or phases: it can be latent 
; is not aroused, and it can be 


mast 
ate of reverberati it i 
aroused. ration when it is 


Tur 
Four Pases or IDEAS AND WANTS 


et point we turn to the aspects 
ebb's Vior that are to be explained by 
matie ,consttuct. There are two enig- 
Bists a avoided by S-R psycholo- 
Bists be often by cognitive psycholo- 
and cao they seem so subjective 
refract 0™able, and so particularly 
are “ide a mechanical analysis. These 
By is co and “wants.” ? No psychol- 
these oe a set of euphemisms for 
dle the tms, but few psychologies han- 
SPeaks Ae age well. S-R psychology 
„ fractional components” in- 

8 ideas,” and of “antedating 
Tolman ons” instead of “wants.” 
Cumlocu faces the problem with less cir- 
tangy, tion: he speaks of the “expec- 
SPeakin Or the “significate” instead of 
'8 Of the “idea.” And he speaks 
Teadiness” or the “demand” in- 

i the “want.” 

More oe of searching for better and 
the ¢ = 'slactory euphemisms, we take 
0 a they stand with their more 
What ious, everyday meanings, and 
we know about them, we find 


Bick 


Steaq 


ask 


2 

thay Ste uoa “want” at this point, I refer 

Underlie » the basic physiological drives 

ag Gio (but not all) of behavior. 

Bog). & ena to the specific conceptualiza- 

~directeq al that seems to precede most 
activity in a human being. 
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that we know quite a lot more than we 
might expect. And we also find that 
there is an interesting parallelism be- 
tween an analysis of ideas and an analy- 
sis of wants that suggests that they are 
not such different things as they might 
seem at first glance. 

The present analysis is going to be 
quite cursory and gross, for it is only 
to prepare the way for the model which 
is to come; it is to give some meaning- 
ful anchorage points for the technical 
material that is to follow. 

First, there are various phases found 
in the analysis of a single idea. Let us 
take as an example the idea of a red 
light (of the traffic control variety). 
At first the red light is seven or eight 
blocks up the road, and we are not even 
thinking about it. I will say that the 
“dea of the red light” is latent at this 
point. After a few moments, we are 
approaching the intersection, the light 
at the corner turns from green to yel- 
and for a very little while we are 
thinking about the red light and expect- 
ing it, but we are not seeing it. I will 
say the idea of the red light is now in 
a state of expectancy. But then the 
light turns red and we are seeing a red 
light. I will say the idea of the red 
light is in a state of perception. After 
we have sat behind the light for what 
seems like an interminable number of 
seconds, we become fed up with it, it 
seems to be lasting forever. I will say 
the idea is in a state of er, Fi- 

the light turns green, we drive 
arp F forget it. The idea of the red 
light is latent again. It is obvious that 
an idea has at least four distinct con- 
ditions or phases: (a) it is not even 
thought, (2) it is thought but not seen, 
(c) it is seen, and (d) it is palling. 
The second condition can be divided 
again and again; when the idea is 
thought but not seen, it can be a mere 
thought, an expectancy, & memory, and 
so forth, but we will ignore these finer 


low, 
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gradations in the present paper. For 
our purposes, the idea has four phases 
which we may call latency, thought, per- 
ception, and boredom. 

The most interesting thing about 
these four phases is that they are ex- 
actly and obviously paralleled by the 
four phases of a want. At first the 
want is latent; as for example when I 
am not thinking about food, and I do 
not want it. Next, something makes 
me think of food, and I notice that I 
am hungry. I start doing things that 
will get me fed; the want is now ina 
State of motivation. After that, I am 
being fed. The want is in a state of 
gratification. Finally, I am too full, 
and the want is in a State of satiation. 
After I have waited for a while, the 
satiation disappears, and the want is 
latent again. Thus, the want has four 
phases which we may call latency, mo- 
tivation, gratification, and satiation. 
Note how closely these fit the phases 
of the idea. 

From the parallelism, one would be 
tempted to suggest that ideas and wants 
are much the same sort of things. I 
Suggest that they are not distinguished 
as far as the kind of structure is con- 
cerned, but only in terms of some power 
or “motive force” Parameter. That is, 
an idea is a concept with a low motive 


force; a want is a concept with a high 
motive force. 


Tue Four PHASES or THE CELL 
ASSEMBLY 


The cell assembly, as we left it a 
few paragraphs back, “has only two 
phases, latency and arousal. The state 
of arousal is a state of reverberation; 
an impulse enters the system along one 
pathway and reverberates within the 


system without further stimulus sup- 
port. 


We would like to find some character- 
istic of the cell assembly, implicit in 


OrDs 


Hebb’s description of it, to allow us n 
ascribe it four phases and thus use 7 
as an adequate model for the ideas one 
wants we have just described. ee 
ticularly, we would like to find two a 
ferent conditions of arousal, one ©? A 
responding to perception or gratification 
and the other corresponding to thoug A 
or motivation. Analyzing these Y 
phases, we find that the thought-mot” 
vation phase is characterized by a me 
mum of external stimulus support: it 7 
a more or less autonomous internal T 
verberation, and it does not seem 
be terminated either of its own accor 
or by mere withdrawal of the arousing 
stimulus. Rather, this phase of expe 
tancy or motivation is terminated in 
the presentation of the goal object ! 
the environment, 


The Perception-gratification phase, T 
the other hand, is characterized by : 
maximum of external stimulus supp" : 
it is not an autonomous internal iat 
beration, it does seem to become sati 
ated or refractory of its own accord: 
and it seems to go out immediately 
upon withdrawal of the arousing stimu 
lus. his phase is | 
enjoyment that is turned on by the 8° 
object in the environment, 


urned off 


z. and on by tbe 
» Which Soun: 


Wee Hebb’s cell assembly 

er model for ideas an 
wants than one might expect from 4 
superficial glance, ee 

You will remember that in our de- 
scription of the cel assembly, we sai 
it would reverberate because Des all 
the pathways, no, too many of them 
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A rectory at the same time. At the 
crucial toe this assertion becomes 
ulus whi h e may suggest that any stim- 
of co Ic has a single or small number 
y nnections with a given cell assem- 
aa start a reverberation (a 
assemb] X motivation process in the 
arge ELN A stimulus which has a 
5 differ er of connections to many of 
and i pathways, on the other 
inste Ki x d not set up a reverberation; 
(Ste would “fire” the assembly. 
tory ie would be rendered refrac- 
same me ee refractory) at the 
of the Stee In the continued presence 
activity i external stimulation the 
tained. i e assembly could be main- 
externa] ate upon withdrawal of the 
e Sie the assembly would 
or-our ry, and activity would cease. 
sembly ha Purposes, then, the cell as- 
e will rs four phases or conditions. 
cy, in y it can be in a state of la- 
> D a state of reverberation, ina 
firing, and in a state of refrac- 
ok — correspond to the four 
tst phase ideas and wants. For the 
term Za es have used in all cases the 
€ render cy. For the second phase, 
motivat; equivalent the terms tkought, 
thirg on, and reverberation. For the 
Cebti Phase the equivalencies are per- 


Phases 


ton p é 
he foie s fication, and firing. For 
atiati, Phase the terms are boredom, 


assembl, » and refractoriness. The cell 

ideas ma our mechanical model for 

low an wants. A cell assembly of 

ass tive force” is an idea; a cell 

i y of high “motive force” is a 

feq ite go on now to a simpli- 
Ssion of association. 


Ag Tur ASSOCIATION OF IDEAS 
< Agai 

ior a We turn to the aspect of behav- 
We 1s to be explained, and again 
„a phenomenon which is rarely 
m contemporary psychology ex- 


tr An 
Teated 
Sept wi 

With careful circumlocution. -This 


is the association of ideas which is pro- 
duced within a human being by a suc- 
cession of stimuli in the environment. 
Each of us knows from his own ex- 
perience a great deal about the way 
an associational link between two ideas 
functions, but we do not often analyze 
the functioning carefully enough to be 
aware of its essential characteristics. 

I will take a simple example to make 
these characteristics explicit. Our sub- 
ject is unacquainted with his typewriter. 
The carriage is far to the right, and 
he perceives and pushes a key marked 
“Tabular.” The carriage jumps five 
spaces to the left and stops in a new 
position. First, there is an antecedent 
situation; then he makes a response and 
an outcome ensues. The antecedent sit- 
uation is the carriage far to the right 
plus the perception of the tabular key; 
we will call this 4. The response is to 
push the tabular key; we will call this 
R,. The outcome is the carriage five 
spaces to the left; we will call this B. 
Thus, in the presence of A, Rı leads to 
B. The A-R,-B learning sequence has 
taught our subject that A followed by 
R, leads to B. We may say there is 
now an association of the A idea through 
R, to the B idea. In the future, if B 
is wanted, and A is presented, our sub- 
ject will perform Ri. Also, if A is pre- 
sented and Rı should occur by accident, 
our subject will expect, and prepare for 
B. That is, if he wants the carriage 
moved from its A to its B position, he 
will now press the tabular key. And 
if he inadvertently presses the tabular 
key, he will expect and quite likely take 
some action to offset the movement of 
the carriage to its B position. 

After a certain response in the pres- 
ence of A has led to B, we say that some 
idea of A is associated with some idea 
of B. But the facts of behavior are 
these: (a) in the future if we make this 
particular response to A we will antici- 
pate or expect B. (b) In the future if 
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we should happen to want B we would 
show some tendency to search out A 
and then to make this particular re- 
sponse that takes us from A to B. The 
perception of A now arouses some ex- 
pectancy of B, and the motivation of 
B induces motivation of A. The link 
seems to carry expectancy in the 4 to 
B direction, and motivation in the B 
to A direction. This will become clearer 


now as we lay out the specifications for 
our model in detail. 
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There are two undefined structural 
units of the model. These are the cell 
assembly and the response control unit. 
We presume at the outset 
stimulus with which the subject has 
repeated commerce, a cell assembly þe- 
comes established; thereafter, the stimu- 
lus is an unconditioned stimulus of the 
cell assembly. Further, we presume 
that for any response which becomes 
organized within the behavior repertory 
of a subject, a response control unit be- 
comes formed; thereafter, the response 
is elicited by the activation of the Te- 
sponse control unit. These two forma- 
tive processes may occur at first more or 
less by chance; the rules of organization 
and growth given below will show how 
selectivity can be introduced after a 
chance generation of these structural 
units. 

In the exposition, cell assemblies will 
be designated by the lower-case letters 
of the early part of the alphabet, e.g., 
a, 6, c. Response control units will be 
designated 71, 72, r3, and so forth. Stim- 
uli in the environment will be designated 
by the upper-case letters of the early 
part of the alphabet, e.g., A, B, C. Re- 
sponses will be designated Ri, Rə, Rs, 
and so forth. 

The definitions or specifications and 
postulates are listed below. 


that for any 
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I. The unconditioned stimulus. E 
cell assembly has a stimulus threshol 
of firing which needs to be crossed by 
stimulation from the environment. ; 
stimulus which crosses this threshold is 
an unconditioned stimulus of the assem- 
bly. The unconditioned stimulus of 45- 
sembly a is A, that of b is B, and $0 
forth. b 

II. The conditioned stimulus. Er 
cell assembly has a stimulus thresho 
of reverberation which needs to be 
crossed by stimulation from the environ- 
ment (mediated by antecedent assem- 
blies as noted in VII below). A stimu- 
lus which crosses this threshold is calle 
a conditioned stimulus of the assembly- 

II. The motive threshold. Each cel 
assembly has a motive threshold which 
must be crossed by combined positive 
motive force or combined negative M0- 
tive force (see VIITa and b below): 1 

IV. Intrinsic motive force. Each ce! 
assembly has an intrinsic positive MO 
tive force and an intrinsic negative M0- 
tive force which contribute toward com 
bined positive and negative motive force 
respectively (and toward the combine 
its antecedents when it 
e VIII below). Thus 
arate force parameters 
bly; it is as thous 
lution with two sep? 


of assemb] tivation. 
Both the motive th eS 
ri 0 
the stimulus th sshold and one 


become aroused (i.e, 
If the m 
crossed, then: 

(a) the assemb] 
stimulus thresh, 
Arousal ceases 
stimulus, 

(b) the assembly „; 
the stimulus thea 
is crossed (unles. 
olds are crossed 


» to fire or rever- 
Otive threshold is 


Y will fire if the 
old of firing is crossed: 
upon termination of this 


l reverberate if 

of reverberation 
S both Stimulus thresh- 
» ın whi 


ch case the as- 


Hon of , 
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semi ; 
=x fire). Reverberation con- 
tie er withdrawal of this stimulus; 
I a by firing. 

vo ee learning law of association. 
one an, oo become related to 
ion epi an associational rela- 
a fires the following circumstances. 
i Sa then 7; is activated, and 
Will be es an associational relation 
Passes phy med between a and b which 
nh. The a the response control unit 
antecedent Lp igen a will become the 
nd the or the associational relation, 
Ccessor a i b will become the 
ey will b the associational relation. 
Other thro e connected with one an- 
Were a ugh 7. It is as though there 
boxes g wire connecting two terminal 
tion ie b passing through a junc- 
of the sha and certain characteristics 
a across the wire determine 
happen in the junction box 
tion will Plow), The associational rela- 
Mgs of q erene tumed by further fir- 
and firin, ollowed by activation of 71 
further bs of b. It will be weakened by 
rings of a followed by activa- 

Y firings bra these are not followed 


In v The law of conditioned stimuli. 


. t e 
Cedent future, the firing of the ante- 


as ill be a conditioned stimulus 
cessor (see II and Vò above). 
ee law of the backflow of mo- 
Crating of In the future, the rever- 
compone of the successor will add two 
tal bosi ns of motive force, instrumen- 
menta itive motive force and instru- 
Nteceg, negative motive force, to the 
SPectiy, ent; these contribute toward re- 
Nitya pe positive and negative 
Yerbërati rces of the antecedent. A re- 
Ponent ing successor adds these com- 
through not only to the antecedent, but 
Cedents- E antecedent to further ante- 
Not be. he intervening assemblies need 
ntie Sd for this transmission to 
e to further antecedents. 
2) The combined positive motive 
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force of an assembly is equal to the sum 
of its intrinsic positive motive force and 
its instrumental positive motive force. 
Similarly, combined negative motive 
force is equal to the sum of intrinsic 
and instrumental negative motive force. 
Either the combined positive motive 
force or the combined negative motive 
force of an assembly must be above the 
motive threshold in order for the as- 
sembly to become activated (see III 
above). 

(b) The instrumental motive force 
(positive or negative) which a rever- 
berating successor delivers to a near or 
distant antecedent is: (7) directly pro- 
portional to the combined motive force 
of the successor, (ti) directly propor- 
tional to the strength of the weakest 
link in the chain of associational rela- 
tions between them, and (iii) inversely 
1 to the number of assem- 


proportional 
blies interpolated between them. 

IX. The law of performance. The 
likelihood of a response R, depends 


on the amount of facilitation and the 
amount of inhibition contributed to the 
response control unit 71. Facilitation 
and inhibition are contributed to a re- 
sponse unit 71 only when its antecedent 
a is firing and its successor b is rever- 
berating. If æ is firing and 6 is rever- 
berating, then: 

(a) Facilitation will be contributed 
to 7; in proportion to the amount of the 
difference between the combined motive 
force of the antecedent and the com- 
bined motive force of the successor if 
this difference is favorable to the suc- 
cessor. Therefore, (i) if the successor 
is less negative than the antecedent, the 
response will be facilitated; (di) if the 
successor is more positive than the ante- 
cedent, the response will be facilitated. 

(b) Inhibition will be contributed to 
rı in proportion to the amount of the 
difference between the combined motive 
force of the antecedent and the com- 
pined motive force of the successor if 
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this difference is favorable to the ante- 
cedent. Therefore, (i) if the successor 
is more negative than the antecedent, 
the response will be actively inhibited; 
(ii) if the successor is less positive than 
the antecedent, the response will be ac- 
tively inhibited. 

(c) If the facilitation is greater than 
the inhibition, then the response control 
unit rı will be activated, and R, will oc- 
cur. If the inhibition is greater than the 
facilitation, then 7; will not be activated, 
and R; will not occur. 

X. The law of motive growth and de- 
cline. The intrinsic positive or nega- 
tive motive force of an assembly grows 
and declines as a function of variables. 
I suggest the following postulates as a 
program for research. 

(a) The intrinsic positive or nega- 
tive motive force of an assembly is a 
joint, direct function of the number of 

transmission units in the assembly (see 
b below) and the amount of positive or 
negative motive force internal to each 
transmission unit (see c, d, e below). 
Each transmission unit has both posi- 
tive and negative motive force internal 
to it. 

(b) The number of transmission 
units in an assembly tends to increase 
in proportion to the amount of time 
the assembly spends in a state of firing. 

(c) The amount of positive or nega- 
tive motive force internal to each trans- 
mission unit in the assembly tends to 
decrease in proportion to the amount of 
time that the assembly spends in firing. 

(d) The amount of positive or nega- 
tive motive force internal to each trans- 
mission unit in the assembly tends to 
increase in proportion to the amount of 
time that the assembly spends in rever- 

eration. 

(e) The rate of positive or negative 

© motive growth during reverberation (see 
d above) will increase as a function of 
the combined positive or negative mo- 


tive force of the assembly during the 
period of reverberation. 

(f) The rate of positive or negative 
motive decline during firing (see ¢ 
above) will decrease as a function of 
the intrinsic positive or negative motive 
force of the assembly during the period 
of firing. 


INTERPRETATION OF TOLMAN’s THEORY 


We turn now to sign-gestalt theory to 
show that our mechanical model does 
give interpretation to all of its impor- 
tant points. We will first interpret the 
chief terms of Tolman’s theory; then 
we will show how the relations postu- 
lated by Tolman are inferences from our 
model. 

Perception: this is a term which is 
not accented as basic by Tolman; im- 
Plicitly, however, it has a very basic 
place in his theory. For it is not the 
Presence of a stimulus in the environ- 
ment which controls behavior, in the 
Tolman formulation, but the “percep- 
tion” of the stimulus by the subject. 
Perception is always selective; stimuli 
are perceived in proportion to their rele- 
vance to motives (6, p, 35). Tolman 
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some physiological quiescence or dis- 
turbance (6, p. 441). Simply, this is 
a want; it is an appetite or an aversion. 
A demand in our mechanical system 
consists in either one of two states. In 
the appetite case, it consists in the re- 
verberation of an assembly whose in- 
trinsic positive motive force is sufficient 
to cross its own motive threshold; in 
this case, approach behavior will be elic- 
ited according to the law of the back- 
flow of motive force (VIII) and accord- 
Ing to the law of approach performance 
han ii). In the aversion case, it con- 
oe S in the firing of an assembly whose 
eed motive force is sufficient to 
its own motive threshold. In this 
Sẹ, avoidance behavior will be deter- 
a jointly by the firing negative as- 
ïi ly and a less negative (or positive) 
€verberating successor. This deter- 
pae behavior in the direction of the 
n S negative successor according to the 
W of avoidance performance (IXa, é). 
t8n-gestalt: this term is defined as 

A qi ro wledge that a sign followed by 
ee distance will lead to a sig- 
Drés €, e.g., the knowledge that in the 
ence of A, R, leads to B. Our me- 
ane analogy for the sign-gestalt is 
sponse assemblies joined through a re- 
relatio control unit by an associational 
e A The sign is the antecedent; 
Irection distance is the response 


Contr, : phe y 
“a unit; the significate is the suc- 


X arr gestalt-expectation: this term re- 
ire P the expectation that a certain 
ap ction distance will lead to the sig- 
the fac the expectation results from 
bats. that the sign is presented and 
rives is ed. Our mechanical analogy de- 
Of the Tom the postulate that the firing 
Of the antecedent arouses reverberation 
tioneq Successor by the law of condi- 
associ stimul (VII). _That is, if an 
ational relation joins @ and b 
Tough 7,, then a’s firing arouses re- 
Verberation (expectation) of b. 


Sign-gestalt-readiness: this term re- 
fers to a want for some means object 
by virtue of its instrumental relation 
to a demanded object. Our mechanical 
analogy here is the reverberation of a 
cell assembly whose intrinsic motive 
force is not sufficient to cross its own 
motive threshold. It requires reverbera- 
tion of a successor (VIII) and presen- 
tation of the conditioned stimulus of 
the assembly in question (Vb). The 
reverberating successor will add a com- 
ponent of motive force to the assembly 
in question; thus the combined motive 
force of the assembly will be above 
threshold, and the conditioned stimulus 
will arouse reverberation. At this point 
the assembly in question will function 
as though it were a “demand.” How- 
ever, termination of its reverberating 
successor will terminate its own demand 
characteristics, as its instrumental mo- 
tive force supply will be cut off. 

Sign-gestalt learning: Tolman’s the- 
ory of learning is briefly the following. 
In any given training sequence, the sub- 
ject learns new sign-gestalts, depending 
on what he perceives. For example, 
first the animal is in the presence of 
stimulus A. On Tolman’s theorem of 
the selectivity of perception, the subject 
will perceive A provided that it is rele- 
vant to some present demand (6, pp. 35 
and 386). Second, the subject adopts 
a direction distance R2; that is, he per- 
forms behavior Re. Third, when the 
behavior is done, he is in the presence 
of stimulus B. He will perceive B pro- 
vided that it too is relevant to some one 
of his present motives. If the subject 
has perceived both the antecedent A and 
the outcome B, then a new sign-gestalt 
is learned in the performance process; 
it is that in the presence of A, R, leads 
to B. 7 

Implicit in this description of sight 
gestalt learning there is a premise that 
comes into superficial conflict with Tol- 
man’s (6, pp. 343-344) attack on the 
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law of effect. The point is this: if the 
outcome B must be perceived in order 
for learning to occur, and if perception 
is contingent on motivational relevance, 
it follows that the outcome B must be 
either a goal or an instrumentality, a 
reinforcer or a secondary reinforcer, in 
order for learning to occur. But Tol- 
man’s attack on the law of effect sug- 
gests that possibly there is no need of 
B being a reward for learning to occur 
(6, p. 343). In justice we must say that 
Tolman (6, pp. 386-387) recognizes this 
superficial conflict, but he does not ex- 
plicitly resolve the confusion. Our me- 
chanical model does, and thus it pro- 
vides a basis for reorienting the so-called 
“Jatent-learning” controversy (see This- 
tlethwaite, 5) as we will show in a mo- 
ment. 


LEARNING REQUIRES REINFORCEMENT 


Our mechanical analogy for sign-ge- 
stalt learning derives from the learning 
law of association (VI). Two assem- 
blies become related by an associational 
relation if a fires, then 7; is activated, 
then 6 fires. But the conditions for 
the firing of a and b are outlined in 
the law of assembly activation (V). 
Both the motive threshold and the stim- 
ulus threshold of firing must be crossed 
before firing will occur. But in order 
for the motive threshold to be crossed, 
the assembly must have either sufficient 
intrinsic motive force (in which case its 
stimulus is a reinforcer) or sufficient in- 
strumental motive force (in which case 
its stimulus is a secondary reinforcer). 
Thus, there is no learning without re- 
inforcement. 

But our model does predict latent 
learning provided the B stimulus is a 
einforcing stimulus. For, a change in 

five combined motive force of b can 
° be immediately reflected in two other 
changes: (a) a change in the combined 
motive force of @ and (b) a change in 
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the likelihood of the activation of 71 
while a is firing, both without any repe- 
tition of the A-R,-B sequence. This 
derives from the law of the backflow of 
motive force (VIII) and from the law 
of performance (IX). The implication 
is that a change in the value of the 
outcome B will change the value of the 
antecedent A and the likelihood of the 
response Rı to stimulus A without 
any repetition of the A-R,-B sequence. 
Thus, learning which was latent when 
the combined motive force of b was 
insufficient to evoke performance will 
become evidenced when the combined 
motive force of b is changed by some 
operation. 

Our suggestion vis-à-vis the rather 
large experimental Program which has 
centered around the latent-learning con- 
troversy is this: experiments which suc- 
ceed in making the outcome B suffi- 
ciently neutral with respect to the pres- 
ent motivational state of the subject will 
not give evidence of latent learning: 
We may just as well stop looking for 
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be reflected immediately in changes in 
the likelihood of the A-R, sequence 
without any further A-R,-B sequences 
required to mediate this change in like- 
lihood; but (b) learning will rarely be 
demonstrated in an A-R,-B sequence 
where B has no history as a reinforcer 
or a secondary reinforcer, or where B 
= completely irrelevant to a strong pres- 
nt motivation, because in these cases 
a will not be perceived. In the terms 
our model, 5 will not fire. 


STIMULUS CONTROL OF IDEAS 
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ee theories that they do not gen- 
tina, predict behavior because they are 
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oad mechanical model for sign-gestalt 
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leant The main cognitive de- 
eDtig “te in Tolman’s system are per- 
eman ji expectations, readinesses, and 
b We S. Tolman groups the first two, 
th aban them. Our model speci- 
ee Puls conditions, or operations 
OF the control of the experimenter 
Oces control of each of these cognitive 
Ses, 

Sa t us ‘Presume that our subject has 
B.R, cooituated to the sequence A-Ri- 
and diye Disa primary goal, 
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tence y repeated stimulus-response Se- 
ter a eventuating in a goal. The in- 
abitu Organization resulting from the 
on will be a-r1-b-r2-c-rs-d. To 
fuf the “perception of A” we must 
N im the conditions for the firing of a. 
Us ulus 4 plus some conditioned stim- 
4 d will suffice; for A is the un- 
at aned stimulus of @, and the re- 
eration of d assures the motivation 
filles At the same time, we have ful- 
led the conditions for the “expectation 
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of B,” that is, the reverberation of b. 
This is because a’s firing provides a 
conditioned stimulus for b and d’s re- 
verberation provides adequate motiva- 
tion; therefore b reverberates and B is 
expected. Although the conditions for 
the arousal of the “perception of A” 
are identical with those for the “ex- 
pectation of B,” the conditions for the 
termination of these two states are dif- 
ferent. Firing of a will cease upon with- 
drawal of A; but reverberation of b will 
tend to continue until the presentation 
of B produces firing of b. Nest, the 
presentation of a conditioned stimulus 
for d combined with a conditioned stim- 
ulus for c will produce a “readiness for 
C.” This is because a conditioned stim- 
ulus combined with adequate motivation 
produces reverberation. The readiness 
will be terminated by presentation of C 
(which would fire ¢ and thus terminate 
reverberation) or of D (which would 
cut off c’s supply of instrumental motive 
force by terminating the reverberation 
of d). Finally, it is quite obvious that 
the presentation of a conditioned stimu- 
lus for d arouses a demand for D, and 
the presentation of D itself terminates 
that demand. 

An experimental program which 
makes use of some of these specifica- 
tions will be outlined briefly in the next 


section. 
Tue GROWTH OF APPROACH MOTIVES 


In conclusion, I am going to suggest 
briefly an experimental program for the 
investigation of the growth and decline 
of secondary approach motives based 
on the variables derived from the new 


model. P 
In the first place, it has been sug- 
gested that the intrinsic motive force 


of an assembly is a joint function of 
the number of “transmission units” in 
the assembly and the “motive force” 
vested in each unit (Xa). The first 
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problem in growing a motive, therefore, 
is to get some transmission units into 
the assembly, i.e., to get an assembly 
to start with. To do this we must give 
our subject some commerce with a stim- 
ulus, and then assure the firing of the 
newly formed assembly for some Periods 
of time (Xb). Presume that we want 
to form a motive directed at stimulus 
Basa goal. We may form an assem- 
bly and assure its firing by habituating 
our subject to the stimulus-response se. 
quence A-R;-B-R»-C in which C is a 
Primary goal. This forms the cell as- 
sembly b. We know the conditions for 
assuring the firing of b, namely, that 
during the time intervals while B is pre- 
sented, if c is reverberating, b will be 
firing. During these periods of firing, 
b will be recruiting transmission units 
(Xb) but these units will be losing mo- 
tive force (Xc). Thus, we are creating 
a cell assembly but not a motive. 

In the future, however, the growth of 
positive motive force in b will be a joint 
function of time intervals of reverbera- 
tion of 6 (Xd) and the combined posi- 
tive motive force of b during these in- 
tervals (Xe), and the latter will be a 
function of the positive motive force 
in c, and the strength of the association 
between 4 and c (VIIIb). To accom- 
plish time intervals of reverberation in 
b we have to stretch out the time inter- 
val between A-R, and the Presentation 
of B; that is, we have to give the con- 
ditioned stimulus which arouses revyer- 
beration in b and then delay the uncon- 
ditioned stimulus which terminates this 
reverberation. Therefore, we delay the 
presentation of B with reference to its 
place in the habituation sequence. This 
delay should increase the intrinsic mo- 
tive force in b (Xd), and should result 

in a measurable increase in the reward 
value of the stimulus B. Increases in 
the reward value of B can be measured 
by changes in the subject’s tendency to 
pursue this stimulus; I will not go into 
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specific measures at this point, but they 
have been developed. 
~ To accomplish a high combined mo- 
tive force in b during intervals of rever- 
beration, we have to assure a strong as- 
sociational relation between b and f 
and we have to make sure that c is rê- 
verberating during the delay. To vary 
combined motive force, then, we can 
vary the primary goal C, or vary the 
amount of habituation which establishes 
the associational relation. ie 
In the future, the decline of positive 
motive force in b will be a similar ioe 
function of time intervals of firing © 
6 and the intrinsic motive force of 
during those intervals of firing. ‘The 
Specific variables here are quite obvious, 
and I will not detail them here. 
Experiments to carry out this pro 
gram have been designed and some com- 
pleted. Two experiments investigating 
Motive force in ġ as a function of the 
delay of B have shown that after habitu- 
ation this delay does produce significant 
motive growth (4). Experiments t° 


test the effects of other variables are 
in progress, 
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4 and ee 
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Teshold Produce firing. The motive 
‘ih o mona e Pe crossed by the in- 
oF by a ae force of the cell assembly 
ìs fies eee successor. Action 
Of a bales the antecedent assembly 
e eee. control unit is firing, and 
Verberat; sor of the same relation is re- 
balance ng, and there is a motivational 
the out, across the response favorable to 

come, 
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or magic here. My argument is sim- 
ply that when cell assemblies are estab- 
lished in a communicating chain of cir- 
cuits by the succession of their stimuli 
in the environment, then motivational 
flow will be from the representor of the 
successor to the representor of the ante- 
cedent. 

The model is used to provide a reori- 
entation of the latent-learning contro- 
versy. Latent learning is predicted in 
the sense that a change in the value of 
an outcome will change the likelihood 
of its preceding responses without fur- 
ther repetitions of the responses to me- 
diate this change of likelihood. But the 
model fails to predict learning without 
reinforcement, for a stimulus must have 
value to be perceived (a cell assembly 
must have motivation in order to fire). 
On this basis, a change of focus in 
latent-learning experiments is suggested. 

The model is used further to provide 
a new basis for research on the question 
of the functional autonomy of motives. 
Full-fledged learned drives are pre- 


dicted, and the variables in their growth 


and decline are suggested. In general, 
it is suggested that the firing of an as- 
sembly increases the number of trans- 
mission units in the assembly, but de- 
creases the motive force allocated to 
each transmission unit. Thus, it in- 
creases the size of the potential moti- 
vating unit, but decreases its motive 
force. Motive force, however, will grow 
later as a joint direct function of time 
intervals of reverberation, and instru- 
Jue during those time inter- 


mental va n 
vals, and the size of the reverberating 


cell assembly. Firing will later tend to 
extinguish the motive force of an as- 
sembly. 

The implication is that after habitu- 
ation of a subject to a stimulus-response 
sequence such as A-Rı-B-Rə-C where 
A, B, C are stimuli, C being a primary 
reward, then the lengthening of the 
R,-B time interval will tend to produce 
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increments in the intrinsic reward value 
of the stimulus B, and lengthening of 
the time interval of presentation of B 
will tend to produce decrements in this 
intrinsic value. Experiments validating 
the first half of this generalization have 
been performed (4); others are in prog- 
ress. 
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physical objects, inside or outside, in 
order to be understood at all. As sug- 
gested already by Natorp and Cassirer, 
however, psychology need not adopt this 
traditional method of physics and physi- 
ology but can (and should) adopt a 
method of its own. The aim of this 
method is not to make new constructs 
in the same objectivizing direction as 
the natural sciences, but to reconstruct 
physical objects by tracing them back 
to their origin, the experiencing sub- 
ject. Instead of using hypostatized 
constructs, such as body structure and 
outside objects, as an explanatory ba- 
sis for mental processes, the psy- 
chologist should analyze the constructs 
themselves with respect to their gene- 
sis in mental processes. Consequently, 
a physical-physiological unit might be 
regarded as the outcome of a more or 
less condensed series of behavior events 
(perception, concept formation, etc.), 
the early stages of which are the pre- 
requisite for the later, more adapted 
and objectivized ones. 

An explanatory model concerned with 
physical-physiological categories is a 
generalized, abstract conception of re- 
ality, in many respects the end prod- 
uct of the conceptual development of 
Western science. Similarly, a physi- 
calistic (“realit _oriented”) frame of 
reference accepted by the individual 
can be described as the result of a far- 
reaching emotional-intellectual sociali- 
zation. Piaget and Rapaport, among 
many others, follow in detail this de- 
velopment from primary to secondary 
stages in our cognitive schemata and 
thought processes, this acceptance by 
degrees of a common, objective knowl- 
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edge, of detours in thinking (9, 10, 12). 
Let us, therefore, understand physio- 
logical constructs or facts as signs of a 
more or less objectivizing (physicaliz- 
ing) set or point of view in human be- 
ings; let us regard their role as frames 
of reference for Teality-testing in the 
individual’s development, his adaptation 
to a stabilized world. The Proposition 
is, then, that the physiological “reality” 
determines behavior, not merely as a 
number of causal factors behind the 
“mental surface” but as a conception 
in the individual himself of human na- 
ture, of reality. 

Emmert’s law, Stating that the ap- 
parent size of an afterimage varies di- 
rectly as to the subject’s distance from 
the projection field, may serve as an il- 
lustration (13), According to the prop- 
osition, it can be assumed that these size 
relations hold true when the experienced 
world of an individual (his relevant re- 
gion) is conceptualized in a physicalis- 
tic, “accurate” way. This implies that 
afterimage and screen must become iso- 
lated from each other, the afterimage as 
a “subjective” and the screen as an 
“objective” Phenomenon. The after- 
image, conceived of in this conventional, 
physicalistic way, is a constant nerve 
Process; the screen is a nerve Process 
changing in inverse Proportion to the 


an isolation of image and screen, favor 
the analytic set necessary to diminish 
size constancy as far as possible (13). 

This being true, the relations in the 
world we perceive must become equiva- 
lent with the relations in the physio- 
logical schema. When now the screen 


is moved to or from the subject the 
area of stimulated nervous tissue will 
be extended or diminished—in linear 
Proportion to the distance—but the 
afterimage (as excited area) remains 
constant. Hence, the afterimage will 
be small or large, respectively, as com- 
pared with the excited area of the pro- 
jection screen. And the same relations 
appear for the perceived world of our 
“objective” subjects; their afterimages 
conform to Emmert’s law. But as soon 
as the conceptual schema is less devel- 
oped, or, as soon as it is different, there 
will be deviations from the rule. Chil- 
dren, for instance, often think that the 
afterimage is a real object like the pro- 
jection screen, i.e., an object the size 
of which varies in the same way as 
other external objects. Consequently, 
their afterimages do not increase or de- 
crease in relation to the screen at vari- 
ous distances but are apparently size- 
constant (13). In many adults, too, 
a negative afterimage (or an eidetic 
image) is first considered to be an 
object “out there”; not until late in 
a series of experiments is the size con- 
stancy overcome, 

Thus, the variations in apparent size 
of projected afterimages differ among 
People because the conceptual frames 
of reference adopted by them are dif- 
ferent. While a Physiologist would 
Probably prefer to say that the after- 
image follows Emmert’s law because 
of an underlying, constant herve-process 
(which might be unstable in children 
and some adults),? the more reasonable 
explanation, considering the deviations 
reported above, seems to be that the 
individual, for some reason or other, has 
adapted a Conceptual schema in full 
agreement with a world of linear physi- 
cal relationships. Tt is Now easy to see 


?The more advanced Physiologizing psy- 
chologist would, of course, use a hypothetical 
Variable to explain deviations in the law. 
This kind of theorizing will be discussed later. 
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Partly a Y, and, therefore, they must 
istic gree with a popular, physical- 
peel of the world. 

cae that people perceive 
terns as prn conceptual pat- 
is not n eveloped in their life history 
7 t indeed, it has been stressed 
and Seine) Head, Gelb, Stern, Cassirer, 
later E of their contemporaries, and 
Personal; students of perception and 
factors ity (6). Studies of cultural 
Compariso perception, as, for example, 
Wester sons of Rorschach responses in 
tribes e communities and primitive 
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ices NA religion, customs, preju- 
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tainn, actually perceive. Cases of 
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A dstein’s subjects, for example, 
ral h see a red color as red in gen- 
ut only as a specific hue related 


and 


berry), ll-known objects (eg, straw- 
Symboi because his approach was non- 


i his conceptual sche- 
Siteniion centers for a categorized 
trow of color. His vision in 4 
Ever; h sense was not impaired, how- 
w e was supposed still to have re- 
CxeemeydeVelopments in this field have been 
enni Gie ee and commented on by 


ceptors for red “in general.” But the 
subject himself could not accept this 
abstraction any more (3). Psychoso- 
matic medicine can furnish us with 
further data, e.g., the acceptance of a 
somatic cause of mental troubles may 
result in somatic symptoms. 

Before concluding this discussion let 
us develop the considerations once 
again, but now in terms familiar to 
the traditional psychologist. It is not 
necessary to avoid the stimulus-response 
model altogether in order to show why 
physical facts often fail to explain 
experience and behavior data. Stim- 
uli (from outside) and physiological 
processes have been defined above as 
objective, generalized conceptions of 
reality as developed in the empirical 
tradition of natural science. In the 
stimulus-response model, behavior is in- 
fluenced by external stimulation as well 
as internal (body physiology). But the 
response is not necessarily directly de- 
termined by this stimulation and co- 
herent with its properties; it is, instead, 
an expression of kow the stimulation 
has been received and “acknowledged.” 
A behavior event will become the im- 
mediate reflection of a physical-physio- 
logical process only if this process is 
conceived of as “reality” by the sub- 
As soon as the individual’s con- 
of reality is less “objective,” 
response cannot and 
will not be a mere prolongation of stim- 
ulus (inside or outside). The response 
or behavior, defined as the outward ex- 

ression of our experienced world or 
relevant region, has an immediate physi- 
cal-physiological basis only when this 
world is a stimulus reality. 

The physiological “Jevel” does not 
represent the origin of a mental devel- 
opment but a stage in it, often (but 
not necessarily) the end result of the 
socialization process of thinking (cf. 
4). It seems to be meaningless to ask 
for physiological facts underlying be- 


ject. 
ception 
less socialized, the 
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havior phenomena of an individual with- 
out knowing whether or not he has ac- 
cepted the generalized cognitive schema 
to which these facts belong. This might 
explain why neurological models as de- 
scribed in the introduction had to be 
extended over the traditional boundaries 
of a matter-of-fact science in order to 
cover more than limited forms of behav- 
ior. If, for instance, an individual per- 
sists in behaving abnormally in spite 
of the fact that all known neurological 
functions in him seem to be normal, if 
he refuses to adopt the neurologist’s re- 
ality and is solely governed by his own 
“unsocialized” experience, it becomes 
necessary to introduce a hypothetical 
construct (e.g., integration of brain 
Processes), the derivations of which 
should be able to explain all behavior 
deviations, even those without a known 
physical basis or with an imagined one. 
This means that neurological constructs 
in psychology must be more concerned 
with the reality Tepresented by the wide 
developmental range of human experi- 
ence (behavior) than with the limited 
reality of manifest physical facts and 
physiological observations, i.e., these 
hypothetical constructs must remain ba- 
sically psychological in spite of the 
physiological language. 

The empirical question is, however, 
how the generalized behavior has de- 
veloped in different individuals, or why 
it has developed in some individuals but 
not in others. A Physicalistic schema as 
accepted by the individual thus gets a 
personal significance; it may, for in- 
stance, be looked upon as a communica- 
tion or defense mechanism, as a cogni- 
tive style, etc. (17). The physiological 
conception of the world, the impersonal 
behavior, like all behavior phenomena, 
ought to be genetically explained (16). 
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textual environment (Sco) containing 
a dimly illuminated disk, and that any 
occurrence of the response to See is not 
reinforced by the UCS. When the 
organism is in the more brightly illu- 
minated environment (Sı), the occur- 
rence of the response is repeatedly 
rewarded. The situation becomes a 
discrimination problem in which rein- 
forcement follows the response to Sı 
but not to Se. For a second group of 
subjects, also nonreinforced for re- 
sponding to Sco, the rewarded stimulus 
complex is a still more brightly illu- 
minated environment (Ss). It fol- 
lows that, since the difference between 
Seo and Sz will be greater than the 
difference between Seo and Sı (assum- 
ing that similarity is a monotonic 
function of stimulus intensity), there 
will be greater generalization of the 
inhibition conditioned at See to Sı than 
to Se. Hull has provided the deriva- 
tion that the net discriminatory excita- 
tory tendency (sHr) will be greater at 
the positive stimulus the greater the 
difference between the two stimuli. 
Therefore sEp will be greater for the 
group with S, as the CS than for the 
group with Sı; a greater probability 
of CR is expected at the stronger 


stimulus. 3 
In this derivation, we assumed that 
the CS represented an increase in the 


intensity from a zero or minimal value. 
If, however, the CS were a decrease 
(so that, between trials, the illumina- 
tion would be brighter than any 
stimulus value used), the analysis 
here presented would lead to the ex- 
pectation that a group with the more 
intense CS (but a smaller change from 
the intertrial situation) would per- 


form more poorly than a second group 
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with a weaker CS. That is, the non- 
reinforced S,, in the derivation would 
be at the upper end of the intensity 
continuum, and inhibition would gen- 
eralize down toward the less intense 
values. It would also be possible to 
have the stimulus at some intermedi- 
ate value between trials, and for one 
group to have a lower intensity serve 
as the CS, and for another group, a 
higher intensity. Stimulus intensi- 
ties appropriately chosen as equal 
j.n.d. distances away from the inter- 
mediate stimulus should give the same 
probability of CR even though one is 
more intense than the other. The 
postulates containing V would be 
forced to deduce that the difference 
between the groups favoring the more 
intense CS would still obtain even 
under these diverse conditions. 


The second set of data for which 
Hull has found it ex 


V concerns those ex 
with the time inte 
CS and the UCS, 


that optimal conditioning will obtain 
at some 


ould suggest 
tpretation of 
the numerical 


e onset of the 
function thus 
of a stimulus 


The trace 
states that the onset 


produces a continuous change in the 
stimulus complex, rising rapidly to if 
maximal difference at about one-ha 


F ta 
second, and thereafter being reduced À 
until the stimulus complex is, effec 


tively, as it was prior to stimulation. 
The discrimination learning paradigm 
again argues that the degree of conga 
tioning will be directly related to EE 
difference between S,, and the CS, 
where this difference is partially ¢ 
function of the time since the onset 0 
the CS.: Re 
The third general class of emping 
phenomena for which V is directly 
applicable refers to primary stimulus 
generalization along intensity as 2 
continuum. Let S., S,, and Sz be as 
above, and choose another stimulus 
intensity (S3) which is (a) more gi 
tense than S», and (b) ‘equal j.n. 
steps away from S; as is Sı. atte 
the CR is established to Sz, generalize 
response tendency is obtained at Sı 
and S;. Assuming that equal j.n-d- 
separation means equal difference, 
habit generalization from S; shoul 
be the same to each of the two test 
stimuli. However, it is found that 
the response strength is greater at 58 


than at S, (eg., 3) which Hull woul? 
deduce on the basis of the differen 
in V. 


If the same conceptualization pP 
presented above is followed, the onp 
inal learning involves a discriminati? t 
between S,, and S2; the inhibition oe 
the former will generalize not only i 

2 but to other stimulus intensities 
Since we have assumed that similar! p 
is a monotonic function of intensity, 
Sı will be more similar to See than W! i 
S3; S; will therefore receive greatê 


* Hull’s postulate of the stimulus trace & 
does not contain the intensity (S) of set 
stimulus, but only time (¢) since its ree, 
The most useful interpretation is that 5 The 
calculational device so that V = f(S,t)- the 
analysis offered in this Paper would favor + | 
postulate s = f(S,t,S..). : 


X 


ir 


ae inhibition from Sæ than 
a Thus, although Sı and S; 
ee receive equal generalized 
S, thi rom Sz, sHp will be greater at 
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Pe ized inhibition opposing it; a 
=e oba uty of CR is therefore 
stimulus. the stronger generalized 
poring to the derivation given 
ae the CS were a decrease in in- 
R y (a strong intertrial stimulus), 
en preater generalized response 
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it ad ifferent from the original CS 
of y: onger. Here, the implication 
is diametrically opposite. 
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ae which involves the use of 
eae in a simple discrimination 
o lea Sı and S; (used as above) 
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Starting An organism is placed in a 
a guille box and, shortly thereafter, 
hinged dee door is raised exposing a 
Bray spor of either light or dark 
comple his changes the stimulus 
One of X into either S, or Sz in only 
door which locomotion through the 
Stren th rewarded. The response 
fo oe to the positive stimulus 1s 
n be greater following the dis- 
tense sea training if the more in- 
Stimul the pair has been the positive 
this y us (e.g., 1). Hull has derived 
y ms on the basis of the greater 
` he more intense stimulus. 
it wil) tee Sco is also considered, 
Siis the immediately seen that, when 
both S, € reinforced stimulus complex, 
tion ~% and Sz will be accruing inhibi- 
fro Which will generalize upon Sı 
8 the Oth sides. When, however, S2 
the sa Positive stimulus, it will receive 
zed E amount of inhibition general- 
Si iden Sı as, in the reverse case, 
az tlie from S2; but the general- 
ibition from Se will be less to 
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Sz as the positive stimulus than was 
the case to S; as the positive stimulus. 
Since S: would therefore receive the 
less total generalized inhibition were 
it the positive stimulus, sp would be 
greater when S% is positive than when 
S; is positive. 

It should be possible to employ 
single presentation discrimination 
learning, but to insure that the subject 
never experiences the contextual en- 
vironment of the stimulus except at 
times when either the positive or 
negative stimulus is present. This 
would preclude the development of 
inhibition of Se. Under such condi- 
tions, the analysis followed here would 
deduce that s#z would be identical 
whether the weaker or the more in- 
tense of the pair was the positive 
stimulus. 

The derivations followed above have 
been more substantiative than exact 
on the assumption that anyone famil- 
jar with the theory will have sufficient 
facility with its application to dis- 
crimination learning to follow the 
sketch presented. It will be immedi- 
ately apparent that this discrimina- 
tion analysis leads to similar deduc- 
tions as obtained by the use of V if 
three assumptions are fulfilled: (a) 
the subject is exposed to the contex- 
tual environment of the relevant 
stimulus, that (b) during such expo- 
sure there is ařzero or minimal inten- 
sity of that relevant stimulus, and that 
(c) any performance of the response 
during these intertrial conditions is 
nonreinforced. Differential implica- 
tions have been suggested if these 


assumptions are not met. 

While the writer is not aware of 
research bearing directly upon these 
implications, several incidental find- 
ings seem to favor the present analy- 
sis. A number of experimenters have 
used the offset of a tone as a CS, ob- 
taining satisfactory conditioning even 


~~ 
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though dynamism would be near zero. 
Since V is assumed to enter multiplica- 
tively in determining excitatory po- 
tential, it would force sEr to zero and 
predict no conditioning. Also it is 
common, though typically unreported, 
experience to observe the occurrence 
of the response between trials more 
frequently early in training than later. 
This would be consistent with the 
hypothesis that the response becomes 
extinguished to the contextual inter- 
trial stimulus conditions. 

Subsequent experimentation‘ may 
suggest, of course, that both the above 
analyses are necessary; that is, that 
there is an effect determined by the 
absolute intensity of the CS over and 
above the effect of the difference be- 
tween the CS and the intertrial 


‘Subsequent to the Preparation of this 
manuscript, Marvin Schwartz has obtained 
unpublished data suggesting that a weaker CS 
is more effective than a stronger one when the 
contextual intertrial stimulus is intense, and 
that the occurrence of the response between 
trials becomes less frequent with Practice. 
The writer has also learned by personal com- 
munication that Dr, Charles C. Perkins, Jr. 


has independently obtained comparable re- 
sults, 
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stimulus. More exact research is re- 


quired before an adequate formulation , 


can be stated. 
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The first controversy was between 
the James-Lange theory and that dic- 
tated by common sense. There seems 
to be little doubt that James hit upon 
an important truth, namely, that the 
responses one makes in an emotional 
situation are more than mere expressions 
of a mental state; to put a current term 
in James’s mouth, feedback from skele- 
tal and visceral responses is an impor- 
tant component of an emotion. 

The next major controversy was be- 
tween the James-Lange and Cannon- 
Bard theories. If we stop worrying 
about whether the alleged mental state, 
sides in the cortex or in the 


emotion, re: 
thalamus, much of this controversy 1S 
pointless. Indeed, we can combine the 


contributions of the two theories and 
say that the hypothalamus is the key 
integrating center for outgoing impulses, 
and also for the feedback impulses that 
James emphasized; in this sense, it may 
be the “center” for emotions as well as 
for drives. This brings up another 
theory, the motivational theory of emo- 
tions, but this theory didn’t meet much 
resistance, for anyone with a feel for 
either the derivation of the word emo- 
tion, or for the analysis of behavior, 


must agree that emotion and drive are 


overlapping categories. 
The most recent controversy was over 


the question of whether emotion is or- 
ganizing Or disorganizing. My answer 
to this question is, “Both.” Love cer- 
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tainly disorganizes a student’s study 
habits, but it does organize certain ex- 
tracurricular pursuits! On the other 
hand, one of the most challenging tasks 
of the teacher is to arouse interest, a 
mild emotion, in apathetic students. 
Clearly one can’t answer the general 
question; whether emotion is organiz- 
ing or disorganizing depends on (a) the 
task under consideration, (b) the na- 
ture of the particular emotion, and (c) 
the strength of the emotion, Duffy (2) 
has long emphasized the last two points, 
at times suggesting that we stop talking 
about emotion, and substitute the direc- 
tion of behavior, and the strength of 
behavior; for the latter she. used the 
phrase “degree of energy mobilization.” 
It is a troublesome term, for some peo- 
ple quibble about the meaning of en- 
ergy in this context, and others worry 
about the implications of mobilization. 

There are many other terms that may 
be used for this intensitive dimension. 
Cannon’s concept of preparing for an 
emergency contains the same basic 
idea, but doesn’t give us a good term. 
Perhaps the best name for the dimen- 
sion is that used by Lindsley, “activa- 
tion.” His chapter in the recent hand- 
book (9) gives us the outline of what 


he calls an activation theory of emo- 
tion, 


eem to be 
at emotion 
verreacts to 
Strong emotion thus rep- 
resents one end of a continuum of ac- 
tivation; the other end, the condition 
of minimum activation, is found in the 
sleeping man who doesn’t respond to 
stimulation. (If we wish to be accu- 
rate, we should put the state of zero 
activation at death, rather than sleep, 
for the sleeping man may respond to 
very strong stimuli. But Psychologists 


don’t study organisms at activation lev- 
els below that of deep sleep!) 

To illustrate what we mean by the 
continuum of activation levels, let us 
start with a sleeping man, one near a 
zero level of activation. His cerebra 
cortex is relatively inactive, shone 
only slow bursts of electrical activity Ee 
the electroencephalograph. The muse 
are relaxed and send few return im- 
pulses to the central nervous systemi 
The sympathetic, or emergency, div’ 
sion of the autonomic nervous sy 
is fairly inactive. As a result of t a 
general condition, he doesn’t respond 
ordinary stimuli; he is unconscious. 1 

Now let the alarm clock ring. It A 
a strong stimulus, and breaks throug ‘ 
the high threshold. Gross muscular a 
sponses occur, and feed back impuls è 
into the central nervous system. Ther’ 
is also autonomic discharge, and the Be 
sulting responses of muscle and a, 
lead to more feedback, probably tipong 
some interwoven pathways, the reticu a 
Substance. These impulses reach t 
hypothalamus, increasing its level he 
activity, and this center activates t 
cerebral cortex, as can be seen moa 
brainwaves (9). In short, the indi- 
vidual is awake and responsive to sti 
lation. Perhaps I should have ere 
“more or less awake,” for some Jn 
viduals take a lot of time and activity! 
with resulting feedback, before the a 
of activation is high enough to per™ 
anything but routine activities l 
dressing and lecturing! t 

Let us assume that our hero i 
reached an optimum level of activatie 
by 10:00 AM. Heis alert, and p 
sponds efficiently to his environmen; 
But now he finds that a book he nee®” 
is missing from his shelf. This frustt 
tion produces an increment in level ° 
activation, perhaps not high enough 4 í 
first to be dignified by the name 
anger. But as he continues to apne 
for the book the level of activatio’ 
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builds up until he is “blind with rage” 
“functionally decorticate? to use 
i term; he probably wouldn’t 
a the book now if it were under his 
ae We will leave our hero in the 
ae of activation that is con- 
oa nally set off as emotion, but let 
a forget that he started at the 
tena end of the continuum, sleep. The 
ae ency to consider emotion as a sepa- 
and divorced from the rest of the 
ees may well be the reason we 
field 2 ade so little progress in the 
sone let us consider level of activa- 
Be rok a more critical fashion: How are 
ak, ing to measure it? Level of ac- 
tis on is a construct, crude at present. 
ind somewhat like level of prosperity. 
Dios Yone says that our country is more 
ae now than it was during the 
more epression. Suppose you wish a 
a ate statement, and consult an 
i He will quibble a bit, but 
use of ely he will probably suggest the 
ased a composite index, preferably 
ank A key items like commercial 
arge “eposits and payrolls of several 
warn industries. Our economist will 
Sener, ake that this gives an index of 
i ie level of prosperity, and that 
or ; evel may differ in specific regions 
gaustries. 
a eed level of activation must be 
neral index, at least for the present. 
E t are the key processes that we can 
Ohne are a host of them, tradi- 
oti y listed as bodily expressions of 
eatin Blood pressure, heart rate, 
ate +. ing indices, and hand steadiness 
tensi ee A very promising one 1s 
ang in skeletal muscles, preferably 
ory ones, as the brow potentials 


27s 

“In cindsley ends his chapter with the sentence, 

Cou; or the activation theory appears to aC- 

AG ake the extremes, but leaves intermedi- 

Yet” (9 Mixed states relatively unexplained as 

le bees 509). The present discussion is 
nservative. 


recorded by Kennedy and Travis (7, 
14), or the neck muscles, with their im- 
portant role in posture (10). But per- 
haps the most widely used measure is 
electrical skin resistance. 

The psychogalvanic reflex, or better, 
the galvanic skin response, has been 
studied by hundreds of investigators. 
Perhaps its chief attraction is its sensi- 
tivity in mirroring ideational activity, 
particularly of an emotional nature. 
But its very sensitivity is largely re- 
sponsible for the continuing argument 
as to whether or not GSR is a measure 
of emotion, for the response may be 
evoked quite readily by any sudden and 
strong stimulus, as a loud noise or an 
electric shock. Fortunately, the argu- 
ment largely disappears if we drop the 
idea that emotion is a special state; 
strong stimuli, preparation to make an 
effort, and significant ideas all have a 
common feature, a quick increase in 
level of activation. This was recog- 
nized by Landis and Hunt (8) many 
years ago, when they stressed the fact 
that GSR is associated with an increase 
in subjective tension. As a matter of 


fact, tension is probably the popular 


word that comes closest to level of ac- 


tivation. R 
Consideration of the physiology of 


the GSR also points to its value as an 
index of level of activation. Darrow 
(1) showed that the fall in skin resist- 
iated with the secretory 


ance was associ 
activity of the sweat glands, under con- 


trol of the sympathetic system. The 
skin resistance thus serves as an index 
of sympathetic discharge, a key ele- 
ment in the activation mechanism. He 
also pointed out that it is best to place 
the electrodes on the palms or soles, 
since these areas are relatively inde- 
pendent of thermoregulatory sweating. 
Finally, he suggested the best units in 
which to measure the phenomenon; 
rather than ohms, the usual measure of 
resistance, he preferred mhos, the re- 
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ciprocal unit which describes conduct- 
ance. This recommendation was based 
on the linear relationship he observed 
between conductance in mhos and the 
rate of sweat secretion. Later he sug- 
gested the use of log conductance, but 
a number of recent studies show that 
the mho is an excellent unit; it is nor- 
mally distributed, and independent of 
the original level of resistance.? Con- 
ductance has the further practical ad- 
vantage that it runs in the right direc- 
tion, for increase in conductance is as- 
sociated with increased level of activa- 
tion, increased tension. Parenthetically, 
it is unfortunate that more workers 
don’t calibrate their instruments in 
mhos, for it is at least questionable to 
perform even such a simple statistical 
Operation as averaging on a skewed 
measure like the ohm. 

The vast bulk of research on elec- 
trical skin conductance has lost the 
forest for the trees. Preoccupation with 
transient changes, the PGR, has led to 
general neglect of the slow drifts in ab- 
solute level of conductance, despite the 
fact that the absolute level is the ob- 
vious correlate of general level of ten- 
sion or activation. This neglect is 
partly due to the design of conven- 
tional apparatus, which is adjusted to 
balance out basic level of conductance 
so that the transient changes may be 
read directly from deflections of a 
needle. For direct measures of levél of 
conductance a much less sensitive and 
less elaborate apparatus is more ade- 
quate and convenient. I use a 50- 
microampere panel-type meter in series 
with a pair of dime-sized silver-silver 
chloride-saline paste electrodes. The 
potential to run the circuit is usually 
one volt, obtained from a flashlight cell 
with the aid of a potential divider and 
calibrated resistor; with this voltage, 
the dial needle reads directly in micro- 
mhos, and the range is adequate for 


2 See (13) for references, 


most subjects. The whole gadget can 
be assembled for about $25, and is as 
portable as a box of cigars. It takes 
five minutes to attach the electrodes 
and adjust the apparatus, but only five 
seconds to obtain and jot down suc- 
cessive conductance readings. Thus, a 
single experimenter can carry on an 
experiment such as reaction time, tak- 
ing periodic readings of conductance 
throughout the session. Although I 
haven’t tried it yet, there seems to be 
no reason why this apparatus shouldn’t 
be used to follow mean conductance 
level of groups of ten or more individu- 
als engaged in a common task. For ex- 
ample, a pair of simple and reliable elec- 
trodes could be attached to each mem- 
ber of a small audience and connected 
in parallel to one meter. Since conduct- 
ances in parallel summate, one would 
merely have to divide the total conduct- 
ance by N to get the mean. Of course; 
small fluctuations, as asynchronous 
PGR’s, would balance out, but the 
method should be perfectly adequate t0 
determine the general changes in level 
of activation during the various episodes 
of a play, for example. 

Now let me describe a few applica- 
tions, to show that conductance serves 
as a satisfactory measure of level of 
activation. One of the most convinc- 
ing experiments is that of Duffy and 
Lacey (3). They recorded skin con- 
ductance on subjects who were going 
through several cycles of a psychophys!- 
cal task. Conductance showed a sharp 
increase at the beginning of the first 
series of tones to be judged, and slowly 
fell during the progress of the series 
and ensuing rest period. Conductance 
shot up again at the start of the next 
series, dropped off during the series, 

*Skin conductance is not an ideal index of 
general level of activation. But short of # 
compound index, conductance may well be 
the best available, assuming that reasonable 


care is taken to keep electrode contact an 
room temperature fairly constant. 


— — 
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a S on. This saw-tooth pattern con- 
ae pigion the session, showing 
achti e subjects alerted themselves 
— D they started a task, and then 
Earths y relaxed as they made progress. 
cna the general level of the con- 
nes n fell from series to se- 
to da i nn each session, and from day 
laxin y; the subjects were gradually re- 
A as they became more familiar 
S Hes general situation. 
thine A osberg and Stanley (13) have ob: 
tasks e in an extensive series of 
a hea tests run in five cycles over 
Cessive — session on each of five suc- 
the D In addition to confirming 
Detiments and Lacey findings, these ex- 
ANCE to mh hoped to relate conduct- 
Culties efficiency. They ran into diffi- 
Was od the latter respect, for there 
relations; suggestion of a curvilinear 
e ene between conductance and 
Dect Pl This is what one would ex- 
eve] a what we said earlier about 
that the activation, for it seems likely 
tion Gs is an optimal level of activa- 
each each type of task, and perhaps 
Crate Je e For example, a mod- 
Ptimal n of activation would seem 
telatiye] or playing chess, whereas a 
Sprinting high one would be best for 
Would fas In either case, the subject 
do We ops that he was too sleepy to 
leve és if he were below the optimal 
en too tense if he were above it. 
ry le as this idea sounds, it is 
Measure pin down (10), for a lot of 
Ject a are needed on each sub- 
telatin ote we can obtain a good curve 
tivation his efficiency to his level of ac- 
: it. Freeman (4) showed one way 
tion tim, He took short series of reac- 
Skin te es and simultaneously recorded 
the a tances at various times during 
tions >> depending on diurnal varia- 
acti, > Sive a broad range of levels of 
Clea, ation, His results showed a ver 
Mm inverted U esults shower a VE y 
NU teact ts relationship, with mini- 
ion times at a moderate level 


of conductance. His published data are 
a bit scanty to establish such an impor- 
tant generalization, so it seemed desir- 
able to repeat the experiment. I set up 
a portable reaction timer, with a built- 
in device to vary the foreperiod so that 
it could be used conveniently at home. 
A student has taken a hundred sets of 
readings on herself, sampling all hours 
of the day from before breakfast to bed- 
time. Each session included (a) con- 
ductance, (b) 20 simple auditory reac- 
tion times, and (c) hand steadiness. 
She obtained beautiful inverted U rela- 
tionships between both hand steadiness 
and simple auditory reaction time on 
the ordinate and skin conductance on 
the abscissa. Her optimal level of con- 
ductance for hand steadiness is a trifle 
higher than that for reaction time. She 
also ran some short series of sessions on 
five other subjects, and they seemed to 
give comparable curves. These results 
are encouraging, for they seem to open 
the way to much fruitful work in the 
fields of skill, efficiency, and fatigue. 
But you may feel that I have gotten 
quite far away from my title, “Three 
Dimensions of Emotion.” Of course I 
have been dealing with the level of ac- 
tivation continuum, but perhaps you 
would like some studies on the high 
level of activation that is traditionally 
called emotion. I don’t have anything 
very specific to report here, for emo- 
tions are hard to produce in the labo- 
ratory. I do have another student 
working on the effects of electric shock 
on conductance during a reaction-time 
task, but he has been too tenderhearted 
in adjusting the strength of the shock. 
However, I can at least point to the 
familiar lie detector test as a practical 
application of level of activation. The 
peak-of-tension method depends on a 
gradual increase in level of activation 
as the critical question approaches, fol- 
lowed by a marked fall in tension after 
the crisis has passed. Most interroga- 
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tors prefer breathing and blood pres- 
sure as indices of tension, on the 
grounds that PGR is too sensitive (6). 
On the other hand, the PGR has been 
used successfully, and it seems probable 
that even better results would be ob- 
tained with a device designed to meas- 
ure absolute level of conductance, rather 
than the quick swings. 

The activation theory of emotions 
has one obvious failing: It deals only 
with the intensitive dimension, and takes 
no account of differentiation among the 
various emotions. This is true as long 
as we limit our consideration to general 
level of activation, forgetting the fact 
that different subsystems might vary 
more or less independently in different 
emotions. The situation is quite analo- 
gous to that in the closely related field 
of motivation. Both hunger and thirst 
will raise the general level of drive, as 
measured on an activity wheel, but each 
will also act selectively on an appro- 
priate family of S-R units, Unfortu- 
nately, the analogy isn’t complete, for 
we haven’t yet found differentiated emo- 
tional patterns as clean-cut as are eat- 
ing and drinking. There are a few hints 
of such differentiation among bodily 
changes in the various emotions, but 
we need much more research before they 
can be established. 

However, there is one field within 
the topic of emotions where we have 
long been embarrassed by the excessive 
number of different patterns: This is 
the field of facial expressions. Frois- 
Wittmann (5) brought some order out 
of this chaotic field by working out the 
interrelations among various expressions, 
and Woodworth (15) contributed a six- 
step scale that helped a lot. In 1941 
Schlosberg (11) used this scale for col- 
lecting data on a new series of pictures, 
and found evidence that the scale de- 
scribed a roughly circular surface. In- 
spection of pictures arranged around 
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the scale suggested that the surface 
might be generated by two axes, pleas- 
antness-unpleasantness, and attention- 
rejection. The next step was to try to 
get a better description of the surface 
in terms of these two axes. In 1952 
Schlosberg (12) reported the results of 
several attempts to obtain independent 
ratings on a large number of posed ex- 
pressions, using nine-point rating scales. 
one for each dimension. Pleasantness- 
unpleasantness offered no trouble, but 
there was considerable difficulty in ex- 
plaining the attention-rejection dimen- 
sion to the judges. We tried pointing 
out that rejection was the active OP- 
posite of attention, characterized by 
compressed lips, nostrils, and eyes, 45 
though forcibly excluding the external 
object, but this effort met with only 
mediocre success. We finally hit upon 
the use of “anchors”—pictures selected 
from another series to illustrate the ex- 
tremes of attention and rejection, This 
stabilized the ratings and enabled us to 
locate each expression on the roughly 
circular surface described by the two 
dimensions, P-U and A-R. ‘These po- 
sitions were validated by using them to 
predict Woodworth scale judgments of 
the same pictures. The predicted Wood- 
worth scale positions correlated with the 
obtained ones with coefficients of .92 
94, and .96 in three independent €% 
periments, utilizing two different sets 
of photos of posed facial expressions: 
Hence, we may feel considerable con- 
fidence that P-U and A-R are two basic 
dimensions of facial expressions in pal 
ticular, and perhaps of emotions in ge” 
eral. 

We can compare the two dimensions 
of the facial-expression surface to the 
blue-yellow and red-green axes of the 
color surface. This immediately sug 
gests that there may be a third dimen- 
sion, corresponding to visual brightness- 
The third dimension for facial expres- 


= 
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oe well be the intensitive one 
i= Ce earlier, level of activa- 
sibili è sa preliminary test of this pos- 
reat we obtained ratings on the same 
that = Pe time using a rating scale 
Eis 7s a sleep to tension. The re- 
edis le us to construct a crude 
mA aoe figure, roughly com- 
solid, ain n the familiar Munsell color 
i 1) ae as irregular in shape 
sho th he unpleasant pictures tend 
with mirt e highest levels of activation, 
while cont at an intermediate level, 
antness Ppi which combines pleas- 
evel of ith rejection, has a rather low 
Sion K Tactivation; The third dimen- 
ace s to clear up some expressions 
two ae separated by the original 
Suffering e example, grief, pain, and 
È T all have the same P-U and 
ues, but grief is rated consider- 


LEVEL OF activation- > 


5 


ry 


o the solid 


L 
Dre re ia first approximation to the 
With! ieee the range of facial ex- 
tiop. Tspect he emotions are placed correctly 
The sleep to their maximum level of activa- 
ane op S nsin) indicated on the ordinate- 
the ar 2 ips is sloped to show that anger 
reach higher levels of activation 


Te Can c 

ang aA case For a more accurate rep- 

See SS-Un ot the other two dimensions, pleas- 
(lay Pleasantness and attention-rejection, 


ably below the other two expressions in 
level of activation. 

Much more work has to be done be- 
fore we can be satisfied with the intensi- 
tive dimension of facial expressions. 
For one thing, we were working with a 
collection of pictures posed to repre- 
sent emotions; this concentration on one 
end of the continuum introduces “series 
effects” in the ratings. We need a 
wider range of pictures, including low 
levels of activation such as sleep or 
listening to a dull lecture. Further, we 
should have actual skin conductance 
readings on the individuals, taken just 
before each picture was snapped. But 
these are projects for the future. 


SUMMARY 


The activation theory of emotion 
brings together many of the theories 
and facts of emotion, at least as far as 
the intensitive dimension is concerned. 
Instead of treating emotion as a special 


state, differing qualitatively from other 
es emotional be- 


states, the theory locat 
havior on a continuum that includes all 
behavior. This continuum, general level 
of activation, has its low end in sleep, 
its middle ranges in alert attention, and 
its high end in the strong emotions. 
Any one of a number of physiological 
processes may be taken as an index of 
general level of activation, but electrical 
skin conductance has certain advantages 
for the purpose. It is sensitive, easy to 
measure, and varies in a manner con- 
sistent with expected changes in level 
of activation. It promises to be equally 


useful in work on skills and efficiency, 


as well as on emotions. 
Neither skin conductance nor any 
other physiological measure of level of 


ensions attempt to describe 
pictures of the responses called facial expres- 
sions. Knowledge of the situation which 
evoked a given expression will help the judge 
to interpret the expression, but such situa- 
tional cues need have no part in the descrip- 
tion of the response per se. 


5 The three dim 
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activation has yet given us much beyond 
the intensitive dimension. Further re- 
search may furnish such evidence, but 
for the present we may profitably turn 
to facial expression to find the qualita- 
tive dimensions along which emotion 
may vary. Here, we have good evi- 
dence that the whole range of expres- 
sions may be described rather well in 
terms of a roughly circular surface, 
whose axes are pleasantness-unpleasant- 
ness and attention-rejection. We have 
some idea how level of activation comes 
into this figure as a third dimension, but 
further research is needed here, too. 

Thus, facial expressions and body 
changes supplement each other in giv- 
ing us the dimensions along which emo- 
tions may vary. - 
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» In a previous report (11), the au- 


tl : 
a a quantitative theory of 
the a which would take into account 
his n ly of observing responses. 
Pai ory was left incomplete largely 
secondar a quantitative statement of 
and no y reinforcement was required, 
able. A yet statement was avail- 
grown tect A amp development has 
Y postul of an attempt to fll this gap 
ste = a quantitative statement 
sulting er, reinforcement. The re- 
ce ican has turned out to be 
is Boe simple. The inclusion of 
ë Tele ate, rather than complicating 
since jt em, has actually simplified it, 
Other are us to discard certain 
expla age with no apparent loss 
n coe ce power. 
stulates of the simplicity of the basic 
as pea: of the system, some difficulty 
ions f untered in deriving the impli- 
SP e eee ean involving a num- 
ticular Stimuli and responses. In par- 
Whether it was difficult to determine 
actual] the postulate system would 
l Servi yield plausible predictions of 
tate thie response learning. To facili- 
pie on a specialized analogue 
ccording was constructed to operate 
stitute to the postulates. The device 
Onteq es a robot which can be con- 
Derfor with learning problems. Its 
mance corresponds to the pet- 


1 
Ma 

Wer sti of the ideas expressed in this paper 
pan and ae by discussions with N. Gutt- 
p debteq . J. Burke to whom the author is 
we dey i Guttman and W. S. Verplanck 
hich wae oped a theory of reinforcement 
© qualit, allels the present model with respect 
lo Te aspects. C. J. Burke has de- 
ire statistical model which treats 0b- 
Sponse learning. 
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formance prescribed by the postulates 
of the mathematical model, thus estab- 
lishing the implications of the theory 
for the particular learning problem em- 
ployed. 

The device described here makes use 
of relatively elementary electronic prin- 
ciples and is not intended as a contribu- 
tion to the engineering aspects of com- 
puter design. It is of interest because 
of the learning theory embodied in it 
and as an illustration of the way in 
which the actual construction of a 
physical model may facilitate theory 
development in psychology. 

The electronic model was confronted 
with a discrimination problem in which 
it was required to “learn” to select, by 
means of observing responses, those as- 
pects of the situation which were rele- 
vant, in addition to learning the correct 
choice in a two-choice situation. By 
this method we were able to test whether 
the present theory would imply observ- 
ing response learning. In the first at- 
tempts, serious shortcomings of the 
theory were forcefully demonstrated. 
The machine did not learn the correct 
observing response, and in fact learned 
the opposite of what was expected. It 
was possible to revise the theory and 
the model with these failures in mind. 
The model described here is the cor- 
rected model. The original failure will 
be considered in the discussion. 

Both the mathematical and electronic 
models make use of time intervals as a 
critical variable. Originally the mathe- 
matical model was based on probabili- 
ties, but because of technical consid- 
erations a modified model using time 
intervals was substituted. A close cor- 
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respondence between the time interval 
and probability models exists and will 
be considered. 


THE MATHEMATICAL MODEL 


The central postulate of the present 
theory derives from a suggestion made 
by Skinner (10, p. 246) that discrimi- 
native stimuli tend to exhibit secondary 
reinforcing properties. In other words, 
if some response has been strongly con- 
ditioned to a particular stimulus, then 
this stimulus will tend to strengthen a 
new reflex upon which it is made con- 
tingent. This notion was further elabo- 
rated by Notterman (8), Schoenfeld et 
al. (9), and Dinsmoor (2). Experimen- 
tal evidence was obtained which sug- 
gested that establishment of a stimulus 
as a discriminative stimulus was neces- 
sary as well as sufficient for secondary re- 
inforcement. Guttman and Verplanck ? 
followed this line of reasoning in a 
slightly different direction and suggested 
that primary as well as secondary rein- 
forcement may derive fro the same 
principle. Their suggestion implies that 
primary reinforcing stimuli are effective 
because they are strong discriminative 
stimuli for a subsequent response which 
is sometimes called the consummatory 
response. The effects of deprivation on 
learning would be interpreted in terms 
of its effect on the strength of consum- 
matory reflexes. The implications of 
this idea are far-reaching. However, 
further elaboration is beyond the scope 
of the present paper. 

For our purposes it will be necessary 
to make a more explicit statement of 
the notion that discriminative stimuli 
exhibit secondary reinforcing properties. 
We note that the stimulus is considered 
as having a double role: first, its ef- 
fect on immediately subsequent behav- 
ior which we call discriminative stimulus 


2 GUTTMAN, N., & VERPLANCK, W. S. Per- 
sonal communication. 


value or stimulus strength, and second, 
its effect on preceding S-R bonds which 
we will call reinforcing value. The 
present suggestion is that these two 
functions are directly related. In order | 
to make a quantitative postulate on the 
basis of these considerations, we intro- 
duce the following definitions: : 

R = some class of “active” responses 
characterized by the fact that any mem- 
ber removes the subject from one stimu- 
lus to another. 4 

Reflex = an S-R pair. No uncondi- 
tioned connection is implied. 

L= the total time that the stimulus 
of a reflex is present before the response 
occurs. This variable is not the same 
as the latency, in all cases, since the in- 


` terval L need not be a continuous in- 


terval. For example, if R, failed to 0C- 
cur the first time S, was presented but 
occurred the second time, the value of 
L would be taken as the sum of the 
two intervals, whereas the latency woul 

be the second interval only. The usé 
of this variable will be indicated below- 

V = strength of a reflex = 1/L. This 
measure of reflex strength was selected 
partly because there exists a correspond- 
ence between it and momentary prob- 
ability which has proved to be a con- 
venient variable in theories such 45 
Estes’ statistical theory of learning (3): 
This correspondence will be discussed i" 
more detail later. 

V; = strength of a stimulus = the 
strength of the reflex S-R,, where Rr '5 
the combined class of all active te 
sponses to a particular stimulus. Ve 15 
called the strength of the stimulus be- 
Cause it refers to a particular stimulus 
but not to any particular response. 
will be noted that 1 /V, is equal to the 
latency, 

We are now in a Position to present 
the quantitative rule of secondary reit- 
forcement to be used in the presen 
model. We postulate that if a response 
Ry removes a subject from S, to 52 
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fe strength of the reflex 5,-Ri is 
changed as follows: 


delta V, = c(Vis — V1) 
where 


[Rule 1] 


Vı = the strength of the reflex 
l p SeRs 
t2 = the strength of the stimu™!s 
Se, and 
c= a constant. 


incatation states that Vı is changed 
Proporti irection of Vie by an amount 
em ae to the difference between 
Crease i Vis is greater than V;, an m- 
a decr n V, occurs; if it is less than V1, 
t ease occurs. 
sua be seen that this rule is con- 
Statem, with the previous qualitative 
n e of secondary reinforcement- 
lude ition, it can be interpreted to 1- 
Sume Sie reinforcement if we as- 
lus with existence of at least one stimu- 
Which | a fixed maximum streng 
forcin ight represent the primary rem- 
St nti stimulus. If we insert a Con- 
iA a Place of Vj» in the above equa- 
the line obtain a function identical to 
ostelen operator used by Bush and 
tion er (1). If we treat this equa- 
tai, © 4 differential equation we ob- 
functi unctions formally identical to 
deg ihe used by several theorists to 
re eee learning (7, 3, 1). 
Mforce ition to the above rule of re- 
Nlecegg Ment we have found that it 1$ 
the Ea ty to the internal consistency of 
Which odel to include a second rule 
orcu, lates to responses which fail to 
The rule adopted states that if 
ulus S, is presented and the re- 
the, “1 fails to occur before some 
S, g 'eSPonse removes the subject from 
lows: reflex S,-R, is changed as fol- 


a Stim, 
SPong e 


d 
FT [Rule 2] 


is decreased 
alue. 


i= =V. 


ise 
by uation datesthitia 
nstant proportion of its V 
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The reason for including this rule will 
be discussed in more detail later. 

These two rules are the only rules of 
change of reflex strength necessary to 
the present theory if we deal with “one- 
way” situations; that is to say, situa- 
tions in which the subject never returns 
to the same stimulus twice during an 
experimental trial. An additional rule. 
which we will not elaborate, is required 
if retracing is allowed. Briefly, this 
rule provides for a decrement in any 
change in reflex strength if the subject 
returns to a stimulus soon after leav- 
ing it. 

These postulates can be used to ac- 
count for a variety of experimental find- 
ings in the sense that they yield behav- 
ior which is at least qualitatively the 
same as would be expected on the basis 
of experimental findings. This corre- 
spondence holds for findings of experi- 
on simple conditioning, extinc- 
tion, delay of reinforcement, secondary - 
reinforcement, and simple discrimina- 
tion learit 3g- The model also yields 
learning of observing responses under 
certain conditions and therefore can ac- 
count for some kinds of “learning set, 
«concept formation,” and stimulus gen- 
eralization (11). It is expected that 
the model will also yield plausible pre- 
dictions for intermittent reinforcement 
experiments and at least one kind of 
latent learning, although these cases 
have not been tested. The description 
of the electronic model and its opera- 
tion will illustrate the way, ™ which 
these postulates operate in the case of 
observing response learning in a two- 


choice situation. 


ments 


Tue ELECTRONIC MODEL 


The electronic model consists of a 
group of variable time delay circuits, 
each representing a reflex. Each unit 
activates 4 relay when an input repre- 
senting its stimulus has been connecte 
for a cumulative total of L seconds. 
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The relay disconnects its own input cir- 
cuit and connects the input for some 
other unit or units. The connections 
between the response of one unit and 
the stimulus of another are arranged by 
the operator so that all units and their 
connections form a net which represents 
some experimental situation. For ex- 
ample, a simple T maze might be rep- 
resented by a net as follows: 


-RrSr, 
S1-RıS2 
-RrSp 


This net is constructed of three reflex 
units Sı-Rı, So-R;, and So-Rp. If the 
experimenter presented Sı, the S,-R, 
time interval would begin. After Ly 
seconds, R, would occur, removing S; 
and connecting S». At this time, ‘both 
the S»-R;, and So-Rp units would begin 
timing. If Ry, occurred first, it would 
remove Sz and connect Sz. Thus the 
machine’s “choice” is determined by the 
time intervals of the units. On the next 
trial when Ss was presented the two Ss 
units would continue timing. Note that 
the So-Rp unit will already have some 
time registered from the preceding trial 
since Rp did not occur, Thus this unit 
will have a “head start.” Tn this de- 
scription we have ignored changes in 
reflex strength and simply illustrated 
the way in which the responses of the 
device are controlled by the delay cir- 
cuits. We will now consider changes 
in reflex strength. 

According to the mathematical model, 
changes in the Strength of a reflex are 
determined by (a) the occurrence or 
nonoccurrence of the response before 
the stimulus is removed by another re- 
sponse, and (b) the Strength of the fol- 
lowing stimulus. The strength of the 
following stimulus is reflected in the 
latency of the following response, which 
we have noted is the inverse of the 
stimulus strength. For example, in the 
net described above changes in V, are 


to be determined by the latency (ay 
of the subsequent response to Sx. I 
the response to S» is sufficiently prompt, 
V, is to be increased; otherwise it is to 
be decreased. The amount of change 
prescribed by Rule 1 was given as 
c(Vi2—Vy) which is equivalent to 
c(1/L — Vı). For reasons of ee 
nical expediency, a negative grow 
function was substituted in the machine 
for the reciprocal function. This sub- 
stitution provides a fair approximation 
over the critical range and greatly sim- 
plifies the circuit design. i 
If a response fails to occur before the 
stimulus is removed by the occurrence 
of some other response, V, is to be de- 
creased by a constant proportion of 4 
value. These changes in reflex strengt 
and the corresponding changes in time 
delays are produced automatically bY 
the electrical circuits. A value of 
was used for the constant c in the pres- 
ent model. To save space, circuit dia- 
grams and technical details will Þe 
omitted from the present report.’ We 
are primarily concerned with the leat™- 
ing theory at this time. However, Wê 
may mention that the device employs 
relatively simple thyratron timer ei 
cuits. The strength of each reflex a 
represented by a voltage on a storag' 
condenser, and this voltage is change 
according to the postulates of the theory 
y appropriate relay connections. is 
Note that the strength of a reflex | 
affected by events which follow it p 
time, so that a unit which has just OP 
erated must be registered until the ges 
“To save printing costs, the circuit dit” 
grams for the present model together with 3 
eight-page discussion of the circuit’s oper 
tion have been deposited with the America 
Documentation Institute. Order Documen 
No. 4160 from ADI Auxiliary Publication 
Project, Photoduplication Service, Library in 
Congress, Washington 25, D. C., remitting 40 
advance $1.75 for 35 mm. microfilm or $2- - 
for 6 by 8 in. photocopies. Make checks pay” 


able to Chief, Photoduplication Service, 
brary of Congress. 


á 
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eft an 4 
d a white card on the right. 


Tegi 
e occurs. This system repre- 
Such compromise between a system 
: TESA Estes’, which requires nO 
Systems tice delayed effects, and other 
effects oe require prolonged traces, 
‘Ome ependent on the final out- 
tra a trial. 
Ure ei units are identical in struc- 
Tein rate the exception of a “primary 
interval te unit.” ‘This unit is a fixed 
Proxim timer with an interval of ap- 
the athe tely .2 sec. The intervals of 
Proxim er units may vary between ap- 
may ately .2 and 80.0 sec. The units 
and m connected in any arbitrary net 
ligh s i be attached to an array of 
Periment a panel representing some €x- 
Tun e tal situation. The operator may 
Wa t Xperiments” in much the same 
‘vlacing a rat experiment would be run, 
or the subject” at a starting point 
Unj te Necting the primary reinforcing 
Net, — arbitrary position in the 
te oocies; rates, or relative fre- 
S of various responses can be 


nected to The reflex net used to test for observing res 
represent a T maze with two stimulus 
B. The same 


i B 


A. Six reflex units con- 
cards at the choice point; a black card on the 
T maze with the stimulus cards reversed. 


ponse learning. 


recorded. In the following, we will de- 
scribe a particular net which was set up 
to test for the learning of observing re- 
sponses in a two-choice situation. This 
net is represented in Fig. 1. The dia- 
gram represents a T maze with two 
stimulus panels at the choice point. 
The experimenter may light either one 
so that it appears white while the other 
appears black. 

From the starting box (Si), two Te- 
sponses may occur, Ra or Ro- Ra may 
be thought of as the response of ap- 
proaching the choice point with head 
down so that the stimulus panels are 
_ From Sq the subject may 
ight (Rr) oF left (Rz), but these 
will be independent of the 
position of the black and white panels. 
Ro, on the other hand, may be thought 
of as approaching the choice point with 
head up, so that the panels are visible. 
Responses from S, are completely de- 
pendent on the position of the stimulus 
panels. They are specified as approach- 
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ing black (Rs) and approaching white 
(Rw). Rw takes the subject to the 
right goal box if the right panel is 
lighted and to the left goal box if the 
left panel is lighted. Rp is the oppo- 
site response. 

The machine was connected to an 
array of lights representing the various 
Positions in.the net and the stimulus 
panels. The operator was then able to 
run experiments by switching on one of 
the stimulus lights, connecting the re- 
inforcement unit to one of the goal box 
terminals, and Presenting S,. At this 
time, the S, panel light would appear. 
After an interval the light would “jump” 
to Sa or So, and then to one of the goal 
boxes. If it arrived at the correct goal 
box, the reinforcement unit would op- 
erate, turning off the goal box ‘light 
after about .2 sec. If it arrived at the 
wrong goal box, the goal box light 
would simply Stay on until the experi- 
menter started the next trial. 

Note that the reinforcement unit op- 
erates any time the subject arrives at 
the correct goal box, regardless of 
whether the initial response was R, or 
Ro. Thus the subject may be rein- 
forced even though it does not make 
the correct observing response. ‘This 
Corresponds to the fact that a subject 
in a discrimination experiment may 
make the correct turn even though it 
is not exposed to the discriminative 
stimuli. The experimenter places food 
in one of the goal boxes and the subject 
obtains the reinforcement when it ar- 
tives at the correct goal box even if it 
Tuns with its eyes closed. This general 
characteristic of Situations involving ob- 
serving Tesponses is, in part, the source 
of the difficulties of predicting observ- 
ing response learning from a quantita- 
tive theory. 

Four kinds of discrimination prob- 
lems can be tested in this net. 
of them “color” 
forcement alway: 


running toward one of the two colors. 
In the other two, “side” will be elle 
reinforcement always being, pron aa 
for running to a particular side. a 
that color discriminations can be a va 
only if the initial response is ey oe 
nately R,. Side discriminations dep cs 
on an initial response of Ry. We yt 
sume that the stimulus lights are ii 
versed at random. Our interest i ae 
cused largely on whether the macae 
will learn to make R, or R, depen iy 
on whether reinforcement is consisten s 
on one side, or consistently on ai 
color. We will examine the ren 
one experiment in which the mac wise 
was confronted with six successive 4 
crimination problems. The seen a 
problems described in terms of the rite 
tive stimulus was as follows: W in 
black, white, right, left, black. T bu i 
the first problem, reinforcement was x. 
ways connected to the goal box we i 
site the lighted stimulus panel reen 
less of which side this might be. In a 
fourth problem the reinforcement wi 
always connected to the right-hand e 
box, etc. This sequence provides se 

eral illustrations of reversals Cia X 
black, right to left, etc.) and two i! a 
trations of changes in the relevant i 
pect (white to right and left to blac 


RESULTS 


r 
Figure 2 presents a learning curve fof 
the entire sequence of six discrim” e- 
tion problems. The solid lines reP t 
sent percentage of correct choices, nces 
is, the percentage of response ee a 
terminating in the correct goal ent- 
The dotted lines represent the perc 7 
age of correct observing responses: dis- 
was considered correct during color jnr 
criminations, R, during side discrim 
tions. 4 f the 
The curves in the first section choice 
graph show that both the correct € were 
and the correct observing response Y ti 
learned while “white” was the pos! 
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o 
o; 


5 ie a eo a mN 
BLOCKS OF 12 TRIALS 


2. Performance of the electronic model 

ite eg discrimination problems. ‘The 

stimul W, B, R, and L indicate the positive 
ulus for each problem. 


Ge lus. In the second and third sec- 
tion we note that reversed discrimina- 
es, are learned very rapidly. The ob- 
in ing response which was learned dur- 
A the first problem was still correct 
o = the reversals and the percentage 
fe observing responses remained 
vant On the fourth problem the rele- 
Side aspect was changed from color to 
ad b The observing response which 
Probl een correct during the previous 
TTN was now incorrect. We notice 
is erable retardation in learning On 
Obse Problem. Learning of the correct 
after ine response did not begin until 
i the fourth block of 12 trials. 
it ever, once this learning was started 
ee eed fairly rapidly, reaching @ 
tee ee high level within the next 
Proble locks of 12 trials. In the fifth 
right Be following the reversal from 
in th © left, we notice a temporary drop 
thoy h observing response curve, even 
Corre. t the same observing response was 
torch This drop may be attributed 
ance contingencies between incor- 
Choices bserving responses and correct 
arily S. Such contingencies may tempo- 
iny Pa the incorrect observ- 
be Thus the learning of the 
arded ; discrimination was also Te- 
in this case. The sixth prob- 


lem shows the second change in relevant 
aspect and again shows retardation of 
learning at the beginning, followed by 
relatively rapid learning of the correct 
responses. In this case, the break in 
the curve was so sharp that it gave the 
impression of “insight” learning. 


DISCUSSION 


The present findings serve to illustrate 
the way in which a physical model may 
facilitate the development of a theory. 
By its use it was possible to show that 
the postulates of the theory predict the 
learning of observing responses and that, 
in this case, nothing outside the realm 
of this theory is necessary to account 
for observing response learning. Critics 
of reinforcement theory have sometimes 
argued that the facts of “attention” are 
incompatible with S-R reinforcement 
theories and that these facts compel us 
to make a basic revision in our theo- 
rizing. Hebb (6), for example, uses this 
argument to justify the introduction of 
a “central autonomous process.” The 
present findings suggest that such critics 
underestimate the potential explanatory 
power of reinforcement theory. 

The present development has also 
provided a clear illustration of the way 
in which a mechanical model may re- 
veal the shortcomings of a theory. We 
mentioned earlier that the initial model 
failed to show observing response learn- 
ing. A serious error in the original 
theory was not evident until the ma- 
chine forced it to our attention. The 
original model operated on the basis of 
Rule 1 alone, so that no change in re- 
flex strength was made for responses 
which failed to occur. When this model 
was tested on the observing response 
net (Fig. 1), it consistently learned 
not to make the correct observing re- 
sponse. The source of the difficulty, 
briefly stated, was that the strength of 
Sa remained too high during color dis- 
crimination learning. The combined 
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strength of Rp and Rz proved to be 
greater than the combined strength of 
Rw and Rp. On the basis of this ob- 
servation the theory was re-examined. 
It became apparent that some decre- 
ment in the strength of responses which 
failed to occur would be necessary. It 
was possible to prove this necessity en- 
tirely apart from the problem of ob- 
serving response learning. Rule 2 was 
added to correct this discrepancy, and 
further tests showed that the corrected 
model would yield observing response 
learning. 

The variable V. The present model 
makes use of a somewhat novel measure 
of reflex strength, the variable V. The 
use of this variable enables us to main- 
tain a certain degree of correspondence 
with a statistical model such as those 
Proposed by Estes (3), Bush and Mos- 
teller (1), and Estes and Burke (4), 
and at the same time allows for 
relatively simple mechanization of the 
model. The correspondence to the prob- 
ability model will be evident if we ex- 
amine the relationship between V and 
other measures of reflex strength. First, 
in a single-choice situation the reciprocal 
of V is the latency. In a two-choice 
situation, where two responses have 
strengths V; and Vo the average latency 
will be 1/(V, + V2). The relative fre- 
quency of R, will be V3/'(Vi + Və), and 
of Ro will be Vo/(Vi + Ve). 
responding situation such as 
box, the rate will be Proportional to V. 
Parallel relationships hold if we use 
momentary probability (p) as a meas- 
ure of reflex strength, where p is defined 
as the probability of Occurrence of a 
particular response in a short time in- 
terval h. If we assume that p is the 
same at any moment during a given 
trial, the quantity p/z may be sub- 
stituted in the above functions to obtain 

corresponding values for mean latencies 
and relative frequencies. (To obtain 


In a free 
a Skinner 


this correspondence it is necessary to 
assume that the time interval % is 
chosen sufficiently small so that the 
probability of two different reponn 
occurring in the same interval is neg a 
gible.) It should be made clear thai 
this correspondence holds for mean 
values only. The models do not cor 
respond with respect to the distribu- 
tions of these variables. This a 
ence may or may not prove to be critical. 

It is interesting to note that the pe 
ent model, which was originally base! 
on propositions growing out of wise 
forcement theory, shows some marke 
similarities to a contiguity theory; 
that reinforcement is closely ean.” 
with removal of stimuli. However, i 
we examine the situation more closely 
we see that different stimuli are involve 
in the two cases. In Guthrie’s a ea 
(5) the critical factor is the remova 
of the stimulus which was present at oF 
before the time the response occurred; 
whereas in the present model reinforce- 
ment depends on removal of the stimu- 
lus which appears after the response 15 
made, and we require that the stimulus 
be removed by the occurrence of a sub- 
sequent response. 


SUMMARY 


The present mathematical model was 
formulated with the objective of de- 
veloping a quantitative model which 
would take into account the learning of 
observing responses, A quantitative 
Postulate of secondary reinforcement 
Plays an important role in this formu- 
lation. The postulate is based on 4 
qualitatively expressed notion suggested 
by Skinner that secondary reinforcing 
Properties of a stimulus are related tO 
the discriminative stimulus value of the 
stimulus. By adopting quantitative 
definitions of reinforcement and “dis- 
criminative stimulus value” this proposi- 
tion was readily translated into a quan- 
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titative postulate. This postulate forms 
the core of the mathematical model. 
i electronic model was constructed 
Sne Whether the postulate system 
a yield plausible predictions of ob- 
apes response learning. The device 
icin utes a robot which operates ac- 
ak to the postulates of the mathe- 
Wins al model. The electronic model 
gehen with a discrimination 
Pees. in which it was required to 
re by means of observing responses, 
Which aspects of the stimulus situation 
of th were relevant. The operation 
“md machine demonstrates that the 
med will yield observing response 
the re Some of the implications of 
mod eory and the use of a physical 
a el in theory construction are dis- 
‘Ussed, 
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A STATISTICAL THEORY OF THE PHENOMENON 
OF SUBCEPTION 


DAVIS HOWES? 
Aero Medical Laboratory, Wright-Patterson A FB, Ohio 


Recent evidence reported by Laza- 
rus and McCleary (3) leads to the 
conclusion that a conditioned auto- 
nomic response is a more sensitive 
indicator of the recognition of non- 
sense syllables than is the observer's 


symbolic report. For this phe- 
nomenon-—sometimes described as 
autonomic discrimination without 


awareness—they have suggested the 
term subception. Its existence is of 
special interest because it invalidates 
a generalization that appears to hold 
for a great variety of perceptual ex- 
periments. This generalization may 
be formulated as follows: when an 
observer is given the task of discrimi- 
nating among a set of stimuli, no 
measure of his success at that task is 
more sensitive than his symbolic 
(verbal) report. We shall refer to 
this as the symbolic-report hypothesis. 
Previous attempts to invalidate it 
have been numerous, but, as Lazarus 
and McCleary show in their report 
(3, pp. 113-116), satisfactory experi- 
mental controls were not observed in 
these earlier studies. Their own data, 
obtained in a very carefully designed 
experiment, thus provide the principal 
evidence against the hypothesis. It 
is the purpose of this paper to show 
that these data actually are not in- 
consistent with the symbolic-report 
hypothesis when certain statistical 
effects are taken into consideration. 


THE EXPERIMENT 


The Lazarus and McCleary experi- 
ment consisted of two essential parts, 
a conditioning period and a test 
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period. During the conditioning pe 
riod, galvanic skin responses (GSR), 
elicited by electric shock, were condi- 
tioned to each of 5 nonsense syllables 
(shock syllables) exposed in a tachis- 
toscope for 1 sec. Five other non- 
sense syllables (nonshock syllables) 
were exposed an equal number i 
times, but were not paired with shoc 0 
Observers were shown the list of 1 
syllables and were told which 5 woul 
be paired with shock and which 
would not. In the test period, the a 
syllables were again exposed, but 4 
5 different durations, selected by pre- 
test to range from durations too brie 
for accurate recognition to durations 
long enough to result in almost 1 
Per cent recognition. No shocks were 
given during the test period. The 
important data recorded during the 
test period were the GSR for a 5-S¢C: 
period following each exposure, an 
the observer's verbal report as tO 


which of the 10 syllables had bee? , 


exposed. Precautions taken by Es to 
control various artifacts are summar- 
ized in their report (3, pp. 116-118). 
Three Properties of the observer 3 
reports were used to categorize the 
data. These, with the symbols use 
to represent them, are as follows: 
(a) the report was right (R) or wrong 
(W); (b) the report was a shock 


syllable (S) or a nonshock syllable 
(N); (c) the stimulu ef 
was a shock 


ntal categories 
report GSR 
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in micromhos, averaged over all five 

€xposure times. 

n A distinction needs to be drawn 

: oy between the subception effect and 
e subception hypothesis. The sub- 

Epon effect is defined by Lazarus 

and McCleary as the inequality 


(WS, + WN.) > (WSn + WNs), 


pete the symbol for each category 
We ents the mean GSR obtained 
a the conditions defining that 
to ies This inequality was found 
the for all nine observers used in 
ae azarus and McCleary experi- 
could and the mean difference in GSR 
Tua be accounted for by chance 
iit. (t = 7.45, df = 8). These 
Subce 5 establish the existence of. the 
ip eron effect. This effect leads 
p. Te and McCleary to conclude 
Auton 8) that “subjects can make 
are ae discriminations when they 
tion” able to report conscious recogni- 
Such {eer correct symbolic report). 
Perce R mechanism of “unconscious 
tion Ption” can be called the subcep- 
e ess: No property of the 
imental data other than the 
ae aon effect is offered by Lazarus 
Broce. cCleary as evidence for a 
aa cs of this type. It will be argued 
e Jat no subception process need 
effec Ostulated, since the subception 
t can be derived from the sym- 


o 
‘C-report hypothesis. 


THE SratisticaL THEORY 


joes us take for a starting point a 
Poth, Ment of the symbolic-report hy- 
the esis that is simply a negation of 
Lazaubeeption hypothesis stated by 
Seas and McCleary: GSR discrim- 
can y can occur only when the observer 
This ee the exposed syllable correctly. 
a ormulation, which we shall refer 
hate the classical form of the sym- 
ic-report hypothesis, is invalidated 

Y the existence of the subception 


effect. But it does not take into 
account the statistical nature of dis- 
crimination. The theory proposed 
here considers the processes under- 
lying recognition to be stochastic 
variables. This conception leads to 
the statistical form of the symbolic- 
report hypothesis: at any specified 
moment, the GSR accompanying an ob- 
server’s report is proportional to the 
probability that that report will be a 
shock syllable. Like its classical 
counterpart, this formulation of the 
hypothesis implies that there is no 
autonomic discrimination without 
verbal discrimination, but it treats 
verbal report as a statistical process. 
A similar assumption has been pro- 
posed elsewhere (1) to account for the 
unusually long exposure times found 
to be required for the recognition of 
taboo words (4). 
From the statistical form of the hy- 
pothesis it follows that any condition 
which alters the probability that a 
shock syllable will be reported will 
elicit a corresponding change in 
Tachistoscopic exposure of a shock 
syllable is such a condition. We shall 
follow the argument for a set of m 
syllables so exposed that they can be 
read when exposed for indefinitely 
long durations. Consider the effect 
of exposing 2 syllable for the limiting 
conditions of zero and of infinite 
duration. For zero duration of ex- 
osure all syllables will have the same 
probability of report if (as in the 
Lazarus and McCleary study) the m 
syllables are distributed equally over 
the experimental conditions. The 
probability of any exposed syllable is 
thus 1/m- When the syllable is ex- 
posed for indefinitely long durations, 
however, the probability that it will 
be reported correctly approaches 1. 
These limiting conditions show that 
increasing the exposure time of a 


given syllable from zero to infinite 
. 
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duration raises the probability that 
the syllable will be reported. All ex- 
perimental evidence indicates that 
between these limiting conditions the 
relation between probability of correct 
verbal report and exposure duration is 
monotonic and nondecreasing (2, 5, 
6, 7). We then have the implication 


E > 4@]¢le@ > ra@], [1] 


where 2(i) is the probability that 
syllable z will be reported following its 
exposure for f(z) seconds and y(i) 
the probability of its report following 
exposure for f:(z) seconds. The sym- 
bolic-report hypothesis, in the statis- 
tical form from which the subception 
effect is to be derived, may be written 


[belis) Spili)] ¢ Loli.) >c), [2] 


where i, represents a shock syllable, 
C2(i) is the mean palmar conductance 
(GSR) measured when 2(i,) is the 
probability of the observer's reporting 
ia and ¢,(z,) is the mean GSR when 
Pili.) is the probability of his report- 
ing i. From Equations 1 and 2 we 
have, by modus ponens, 


[la(ts) > ti (i) ] c Cceli) > cai). [3] 


This conclusion states that, on the 
average, exposure of a shock syllable 
for a long duration will yield a larger 
GSR than exposure of the same 
syllable for a shorter duration. 

Now of the two pairs of experi- 
mental categories that define the 
subception effect, (WS, + WN.) in- 
cludes only shock-syllable exposures 
while (WS, + WN,) includes only 
exposures of nonshock syllables. 
Thus ż(i,), the time for which shock 
syllables are exposed, must be zero for 
(WS, + WN,) and greater than zero 
for (WS, + WN,); and the inequality 
of GSR that defines the subception 
effect, 


(WS, + WN.) > (WS.+WN,), [4] 
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follows from Equation 3. Our argu- 
ment to this point shows that the 
existence of the subception effect does 
not require that the symbolic-report 
hypothesis be abandoned, but only 
that the formulation of the hypothesis 
take into account the fact that 
recognition must be defined in statis- 
tical concepts. 


FURTHER DEDUCTIONS FROM 
THE STATISTICAL THEORY 


We can deduce more than the gross 
subception effect [4] from our statis- 
tical hypothesis. Lazarus and Mc- 
Cleary report mean GSR for all six 
of their experimental categories. 
deduction can be drawn from our 
assumptions for each of the 15 possible 
comparisons between these means. 
To make the argument clear, however 
we must analyze the concept © 
response probability a little more 
closely. 

Corresponding to each of our 7 
syllables we assume m characteristic 
underlying processes, each independ- 
ent of the others. These processes 
will be regarded as analytic fictions; 
and no physiological referent need be 
ascribed to them. An observer will 
emit (report) the ith syllable only if 
the strength of the ith process 15 
greater than the strength of the proc- 
ess underlying any of the other syl- 
lables. At this point we introduce 
our stochastic variable: we assume 
that the strength of the ith process, 
Wi, is determined stochastically, not 
uniquely, by the specification of ex- 
perimental conditions. While we can- 
not fix w; by experimental techniques: 
we can use such techniques to fix & 
distribution function F(w,). Suppose 
a set of conditions fixes the same dis- 
tribution function for two syllables # 
andj. Ifthe momentary strengths of 
the two syllables are observed upon an 
infinitely large number of occasions; 
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w; will be the greater on half of these 
observations, w; on the other half. 
Since the emission of a syllable may be 
considered to depend upon the inte- 
gration of these momentary strengths 
Over short periods of time, the prob- 
ability (limit of relative frequency) of 
emission of syllable ¿ will be equal to 
that of syllable j. We can therefore 
associate the condition of identical 
distribution functions with syllable 
Probabilities of 1/m and with zero 
duration of exposure. The other 
imiting condition, where all values of 
the distribution function of the ith 
Process are greater than the largest 
le value of the process under- 
Ying any other syllable, will yield a 
Probability of i equal to 1 and may 
therefore be associated with the condi- 
tion of infinite exposure of 4. 

All we have done in the above 
feument is to identify an increase in 
y e duration of exposure of the ith 
Table with an increase in the prob- 
RA that the ith process will 
oo it greater strength than the 

cess underlying any other syllable. 

S py mbolic-report hypothesis can 

ll be reformulated : at any specified 
bren the GSR accompanying an 
tota! er's report is proportional to the 
Sho Strength of all processes underlying 
ck syllables. k 
© must now assess the relative 
Ngths of the shock-syllable proc- 
ti 1n each of the six categories of the 
I "ler and McCleary experiment. 
the Sone be remembered, however, that 
Which of the observer only tells us 
Prog of à the various underlying 
sho esses is the strongest. Yet a 
to T syllable may contribute heavily 
by e GSR even if it is not reported 
Dro the observer, for its underlying 
‘Ocess may be only slightly weaker 

an the strongest process. How can 

© relative strengths of these un- 
‘eported syllables be analyzed? For 


Stre 
ESY 
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the data reported by Lazarus and 
McCleary there is no way to obtain 
this information for a given exposure, 
but the assumptions we have made 
will suffice to determine averages. 
We shall restrict our analysis to the 
strongest and second-strongest under- 
lying processes, since an analysis of 
third-strongest and still weaker proc- 
esses would simply repeat the argument 
and reinforce the effects shown for the 
second-strongest processes. 

Before proceeding to the argument, 
it will be convenient to summarize 
here the definitions and assumptions 
upon which the argument will be 
premised. Definition: Verbal report 
of the ith syllable means that, at the 
moment of report, the strength of the 
ith process is greater than the strength 
of any other process. Assumption 1: 
The probability that the ith process 
will have a strength w; is a monotonic, 
nondecreasing function of the duration 
for which syllable ¢ is exposed. As- 
sumption 2: Exposure of any syllable 
other than the ith will have only a 
negligible effect upon the probability 
that the 7th process will have 
strength Wi- Assumption 3 A c 
symbolic-report hypothesis. h e al 3 
gument will be carried throug! only 
for the special case 1n which all pie 
exposed syllables are assumed to have 
identical distributions of process 
strength (i.e., are equally likely totbe 
reported), although it can be extended 

e general case 1n which each 


o cover th 5 i 
sei syllable is assigned a 
different distribution of strength. 

Let the capital letters A through E 


nt the processes underlying the 
oP abot syllables A’ through E’ of 
the Lazarus and McCleary experi- 
ment, and let the lower-case letters a 
through e represent the processes 
underlying the five nonshock syllables 
a' through e’. Consider the situation 
when a shock syllable, A’, is exposed. 
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All observer reports placed in the RS, 
category must then have A for their 
strongest underlying process. But by 
our assumptions, no one of the remain- 
ing nine processes is more likely than 
any other to be the second-strongest 
process. Consequently, nine equally 
probable combinations of strongest 
and second-strongest processes are 
possible for this category: (A, B), 
(A, C), (A, D), (A, E), (A, a), (A, b), 


TABLE 1 


POSSIBLE COMBINATIONS OF STRONGEST AND 
SECOND-STRONGEST SYLLABLE PROCESSES 
FOR EACH OF THE SIX CATEGORIES 
OF THE LAZARUS AND MCCLEARY 


EXPERIMENT 

A’ Exposed a’ Exposed 

RS, RN, 
AAAAAAAAA|aaaaaaaaa 
BCDEabcde|\ABCDEbcde 

WS, WSn 
BBBBBBBBB|AAAAAAAAA 
ACDEabcde|BCDEabcde 
CCCCCCCCC|BBBBBBBBB 
ABDEabcde|ACDEabcde 
DDDDDDDDD|CCCCCCCCC 
ABCEabcde|ABDEabcde 
EEEEEEEEE|DDDDDDDDD 
ABCDabcde|ABCEabcde 
EEEEEEEEE 
ABCDabcde 

WN, WNna 

adaaaaaaa|bbbbbbbb 
ABCDEbcde |ABCDEacde 
bbbbbbbbbl|ecccececce 
ABCDEacde|ABCDEabde 
cccccccccl|ddddddddd 
ABCDEabde|ABCDEabee 
ddddddddd\jeecececeecee 
ABCDEabce|ABCDEabcd 
e 


po 
we 
Qe 
ye 
te 
ao 
oo 
a 
as 
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(A, c), (A, d), (A, e). These alterna- 
tives are listed under RS, in Table 1. 
Still assuming that A’ is the syllable 
exposed, let us examine the WSs 
category. Here the strongest process 
must by definition correspond to one 
of the unexposed shock syllables B’, 
C’, D’, or E’, and by our assumptions 
there is an equal probability that it 
will be each one. But the second- 
strongest process cannot be specified 
so simply. Take the case where B 15 
the strongest process. Any of the 
nine remaining processes can be the 
second-strongest. But one of these iS 
A, the process underlying the exposed 
syllable, and by our first assumption 
its average strength depends upon the 
duration for which A’ has been 
exposed. Only for exposures ap- 
proaching zero duration will the 
average strength of A be as small as 
the average strengths of the other 

eight processes. When A’ is expose 
and B’ happens to be reported, then, 
the second-strongest process will prob- 
ably be A. The remaining eight 
processes will have smaller prob- 
abilities of being second-strongest: 
The difference between the probability 
of A and the probability of each of the 
other processes will depend upon the 
duration for which A’ has been eX 
posed: for short durations the differ- 
ence will be small; for long durations 
the probability that A is the second- 
strongest process will approach unity- 
We have analyzed the WS, category 
only for the case in which B’ is the 
ples ey actually reported. The same 
analysis obtains far the gully ie 
,D', or E! happens to be 


Pei In each case, A is the most 
ikely pro 
sink, a 6 cess to be second-strongest- 


in Table1. The 


(C, 4), (D, A), combinations (B, A) 


and (F, A), which are 
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More probable than the others when- 
ever A’ has been exposed, have been 
Printed in boldface. 

Each of the other four categories 
used by Lazarus and McCleary has 
been analyzed in the same way, and 
all possible combinations of their 
Strongest and second-strongest proc- 
esses are listed in Table 1. The table 
'S worked out for the cases where A’ 
's the shock syllable exposed and a’ is 
the nonshock syllable exposed. Com- 

nations printed in the same typeface 
are of equal probability ; those printed 
in boldface are the combinations 
whose probabilities are increased by 
exposure of A’ or a’. For exposure 

urations approaching zero the prob- 
abilities of the boldface combinations 
aPproach those of the other combina- 
tions; for long exposures the prob- 
abilities of the boldface combinations 
€come so great that the other com- 
ations may be ignored. 

Table 1 permits us to compare the 
Shock-syllable strengths of any two 
Categories for specified exposure dura- 
tions. Now Lazarus and McCleary 
report only average GSR for all reports 
alling within each experimental cate- 
8ory, In order to compare shock- 
Syllable strengths averaged over all 
Xposure durations, then, we must 
consider the extent to which each 
ategory will contain reports following 
aa and short exposures. For ex- 
abe of zero duration, the prob- 
Steed that the “exposed” syllable 
t be reported will be no greater than 
at Probability that any other syllable 
“th l be reported. The probability 
cant a report will fall into the RS: 

Ategory if a shock syllable is exposed 
ve into the RN, category if a non- 
3 ock syllable is exposed) will thus be 

nly 1/10. For long exposures, how- 
ver, the probability of the exposed 
Syllable will be high, and all but a few 
Of the observer's reports will fall into 
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the RS, (or RN,) category. Most 
of the reports falling into the RS, and 
RN, categories will thus have been 
emitted following long exposures, 
while most of the reports falling into 
the other four categories will have 
been emitted following short expo- 
sures. This heterogeneity must be 
taken into account in comparing 
either RS, or RN, with any of th 
other categories. e 
We are now ready to determine 
which of each pair of categories will 
have the greater shock-syllable 
strength. In 8 of the 15 possible 
pairs of categories the strongest proc- 
ess of one category underlies a shock 
syllable while the strongest process 
for the other category underlies a non- 
shock syllable, and the proportion of 
long and short exposures in the two 
categories either will not differ ap- 
preciably or will reinforce the differ- 
ence between their strongest processes. 
Inequalities of shock-syllable strength 
that will hold regardless of exposure 
duration can therefore be stated for 
these pairs of categories. Hence 
RS, SARN ARS > AWN RSE 
> WNn; WS. > RN»; WS, > WN; 
WS, > WNr; WSa > RNa; WS) 
>WN,. Inthese inequalities the sym- 
bol for each category represents the 
shock-syllable strength averaged over 
all responses falling into that category. 
Table 1 contains another four pairs 
for which one category has greater 
shock-syllable strength for all dura- 
tions of exposure except those ap- 
hing zero. At durations ap- 
pronke hock-syllabl 
proaching zero the shock-sy! able 
strengths of the compared categories 
approach equality. These also are 
pairs for which the proportion of long 
and short exposures either will not 
differ appreciably or will reinforce the 
difference apparent from Table 1. 
Since shock-syllable strengths must 
be averaged over all exposure dura- 
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tions, inequalities may also be stated 
for these pairs: WS, > WS,; WN, 
> WN,; RS. > WS,; WN, > RN,. 
The first two of these, it may be 
noticed, correspond to the subception 
effect reported by Lazarus and Mc- 
Cleary. 

Consider next the RS, and WS, 
categories. Table 1 indicates that 
both categories will have equal shock- 
syllable strengths for exposure dura- 
tions approaching zero. But for very 
long exposures almost all of the 
second-strongest processes in the WS, 
category will underlie shock syllables, 
while 4/9 of the second-strongest 
processes in the RS, category will 
underlie shock syllables. Reports 
following exposures of a specified long 
duration, then, should reflect a greater 
average shock-syllable strength if they 
fall into the WS, category rather than 
the RS, category, though the differ- 
ence, being restricted to a portion of 
the second-strongest processes in the 
respective categories, will be small. 
The RS, category, however, will con- 
tain up to 100 per cent of the reports 
following long exposures, while the 
WS, category will include up to 4/5 
of the short exposures. When shock- 
syllable strengths are averaged over 
all reports included in each category, 
then, the inequality will be RS, 
> WS., for RS, will be composed 
chiefly of large strengths derived from 
long exposures while WS, will be 
composed chiefly of small strengths 
derived from short exposures. 

The RN, and WN, categories also 
are identical for very brief exposures. 
Increasing exposure duration will not 
alter the shock-syllable strength of 
RN». The shock-syllable strength of 
WN n, however, will decrease with in- 
creasing exposure duration, because 
the boldface combinations for this 
category include nonshock syllables 
as both strongest and second-strongest 
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processes. On the average, therefore, 
reports following long exposures will 
reflect slightly smaller shock-syllable 
strengths if they fall into the WN» 
category than if they fall into RN» 
But practically all the long exposures 
will fall into the RN, category, while 
up to 4/5 of the short exposures 
will fall into the WN, category: 
Pooling exposures of all durations 
will therefore reduce the average 
difference between these categories tO 
a very small value. ý 

Comparison of WS„ and WN, in- 
volves a similar problem. The in- 
equality WS, > WN, will hold for 
short exposures. But increasing the 
exposure time will increase the aver- 
age strength of the second-strongest 
processes of the boldface combinations 
shown for these categories in Table 1- 
As a consequence, the average differ- 
ence between the strongest and sec- 
ond-strongest processes of each © 
these categories will decrease with 
increasing exposure, since the strong- 
est process in each will underlie a” 
unexposed syllable and hence will not 
gain appreciably in strength as 4 
result of the exposure. With expo- 
sures for which nearly 100 per cent of 
reports are correct, the difference be 
tween the shock-syllable strengths 0 
these categories will be negligible: 
These long exposures, for which the 
two categories approach equality, wi! 
produce greatest shock-syllable 
strengths and will therefore have the 
greatest weight in determining the 
average shock-syllable strength for 
each category. 

In the last two comparisons, be- 
tween RV, and WN,„ and betwee? 
WN, and WS,, inequalities of shock- 
syllable strength can be shown only 
for exposure durations which produce 
small process strengths, For expo- 
sure durations Producing maximum 
process strengths, however, the shock 
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syllable strengths of each of these 
Pairs of categories will approach 
equality. Since maximum process 
Strengths will have the greatest weight 
in fixing the average shock-syllable 
Strength of each category, the in- 
equalities for these two pairs of 
categories will be seriously weakened. 
Xcept when the averages are taken 
Over very large numbers of observa- 
tions, these weak inequalities probably 
will be masked by the random vari- 
ability that is a defined property of 
the syllable process and by the errors 
of measurement that will result from 
the effects of uncontrolled factors 
upon GSR. Now Lazarus and Mc- 

leary report the following numbers 
of observations per observer for the 
Our categories involved: 24 (RNx), 
14 (WN,), 13(WS,), and 15 (WN,). 
S the inequalities cannot be expected 
to hold reliably for such small numbers 
of observations, the relative shock- 


TABLE 2 
Tests or THE DEDUCED INEQUALITIES 


stgolumn A lists the inequalities of shock-syllable 
in ee ‘column B shows the number of observers 


cha, E, Probability of obtaining 9 confirmations by 
ce is .002; 8 confirmations, .018; 7 confirmations, 


070: 
B 
A k 
a Yes No 
a eee 
RS,> RNa 9 0 
RS:> WN, 9 0 
RS,> WN, 9 0 
WS,> WN, 8& 1 
WS,> RN, 9 0 
WS, >WNn 9 0 
WSn>RNn 7 2 
WS,> WN, 7 2 
WS.>WS,, 9 0 
WN,>WN, 9 0 
RS.>WSn 9 0 
WN,>RNa Sn, 
RS,>WS, wae ol 
Total 109 7 


“No diff in mean GSR_could be detected 
between RSe and WSs for subject GW- 
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syllable strengths of these categories 
will be written RN, ~ WN, and 
WS, ~ WN, where the direction of 
each unreliable inequality is preserved 
in the order in which each pair of 
categories is written. 

We have now analyzed the relative 
strengths of all processes underlying 
shock syllables for each of the 15 
possible combinations of the experi- 
mental categories. Definite inequal- 
ities can be stated for 13 of these 
comparisons. According to the sym- 
bolic-report hypothesis, as it has been 
formulated in this section, the cate- 
gory for which the shock-syllable 
processes are stronger will have the 
greater GSR. This hypothesis can 
now be tested by comparing the 13 
inequalities of shock-syllable strength 
with inequalities of GSR based upon 
the experimental data reported by 
Lazarus and McCleary. Table 2 
presents this comparison. The left- 
hand column states the 13 inequalities 
derived above. The column on the 
right gives the number of observers in 
the Lazarus and McCleary study 
whose inequalities of GSR are in the 
predicted direction and the number in 
the opposed direction. The data are 
taken from their figure (p. 119). For 
none of the 13 inequalities do more 
than two of the nine observers show 
differences in GSR opposed to the 
predictions based on the statistical 
form of the symbolic-report hy- 
pothesis. Of the 116 inequalities that 
can be established from the Lazarus 
and McCleary data, only seven run 
counter to prediction. 

Table 3 presents a similar tabula- 
tion for the two unreliable inequalities. 
These compare categories that cannot 
be expected to show reliable differ- 
ences in GSR for the small numbers of 
observations that have been made. 
A chance distribution of GSR in- 


equalities should therefore be found. 
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TABLE 3 


TESTS OF THE Two UNRELIABLE 
INEQUALITIES 
(Arranged as in Table 2) 


RNa WNn 
WS,+WN, 


The data show just such a distribu- 
tion: the nine inequalities of GSR 
for each of these pairs of categories 
are divided as equally as possible 
between those for which one category 
has the larger GSR and those for 
which the other category has the 
larger GSR. Of the 18 inequalities 
of GSR that can be set up from the 
experimental data, nine are in the 
same direction as the unreliable in- 
equality of shock-syllable strength, 
and nine are in the opposed direction. 
Again the data are consonant with the 
analyses of shock-syllable strengths. 


LowER-ORDER REPORTS 


Those assumptions about the recog- 
nition process that do not involve 
GSR can be tested directly by an 
experiment in which the observer 
reports more than one syllable follow- 
ing each exposure. Only the theory 
of these phenomena will be discussed 
here. The relevant data could be 
obtained from a modification of the 
recognition phase of the Lazarus and 
McCleary experiment in which the 
observer would be instructed to list, 
following each exposure, the m differ- 
ent syllables in the order in which 
they seemed to him most likely to 
have been the exposed syllable. Al- 
ternatively, the subject can be told 
that his initial report was incorrect 
and asked to give a different report. 
If this too is incorrect, he can be 
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asked to give a third, etc., until he 
makes the correct report. d 

The initial or first-order report 10 
either of these series can be identified 
with the single report usually recorded 
in a recognition experiment. We 
have defined the strongest underlying 
syllable process by this first-order 
report. Now suppose we eliminate 
this strongest syllable process from 
the alternatives available to the ob- 
server by asking him to give @ 
different second-order report. The 
syllable then reported must, by the 
same definition, correspond to the 
strongest remaining syllable proca 
Thus the second-strongest syllabi 
process will correspond to the secon- 
order report. Similarly, if we elim! 
nater — 1 alternatives on the basis ie 
the observer's reports, the rth-order 
report should correspond to the 7t 
strongest syllable process. 

In the argument that follows W° 
shall derive an expression for ae 
probability that an exposed syllable 
will be emitted on the 7th-order report 
if it has not been emitted on a previous 
report in terms of its first-order prob- 
ability. We shall assume as before 
that a syllable process has a definite 
strength following each exposure a” 
that this strength is a random variable 
over a series of exposures of the same 
duration. We shall also continue the 
simplifying assumption that the aver- 
age strengths of all unexposed sy! 
lables differ only negligibly from one 
another, an assumption provided for 
by the counterbalanced design of the 
Lazarus and McCleary experiment. 

Consider a matrix of the prob- 
abilities of emission for each of 1 
possible syllables on r successive re- 
ports. Let 7 be the exposed syllable 
and a 8, ce be the m— 1 un- 
exposed syllables. Table 4 shows 
such a matrix for m = 6. We wish to 
show that our assumptions determine 
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TABLE 4 


MATRIX SHOWING THE 7TH-ORDER 
PROBABILITIES OF EMISSION FOR 
Eacu oF Stx SYLLABLES 


fee this example it is assumed that Pi(i) = „5 and 
at the unexposed syllables æ, ĝ, .„ eare emitted 


fapiistorder, second-order, « - l, fifth-order report, 

i 1 2 3 4 5 6 
5/1 

E /10| 5/9 | 5/8 | 5/7 | 5/6 | 5/5 
E 1/10| 0 0 0 0 0 
8 |1/⁄10|1/⁄9| 0 ô|. 0 |i 0 
Y 1/10 | 1/9 | 1/8 0 0 0 
8 |1/10| 1/90) 1/3 | 377 | 0 | 0 
e |1/10| 1/9 | 1/8 | 1/7 | 1/6 | 0 


the entire matrix when only the first- 
Order probability of the exposed 
Syllable i is given. 

Let us consider the first-order 
reports. Let Pi(i) be the probability 
that the exposed syllable is emitted as 
the first-order report. Then the prob- 
ability that one of the m — 1 un- 
exposed syllables will occur as the 

tst-order report is Qi(i) = 1 — Pili). 

e probability that any particular 
Unexposed syllable, say e, will be the 

rst-order report is Qi(é)/(m — 1), 
Since the strengths of all unexposed 
Syllables are assumed to be equivalent. 

e column for r = 1 in Table 4 has 

een worked out accordingly for 

(i) = 5. 

Next let us consider those expo- 
Sures for which the first-order report 1s 
an unexposed syllable. By our aS- 
Sumptions, second-order reports will 

© determined by the same distribu- 
tion of syllable strengths that deter- 
Mine first-order reports: Save that the 
Strength of the syllable emitted on 

'st-order report must be zero. Sup- 
Pose æ to be the unexposed syllable 
emitted on first-order report. The 
Second-order probabilities of all re- 
maining syllables will differ from their 
first-order probabilities only by virtue 


107 


of the fact that it is impossible for a 
to be emitted on second-order report, 
while the probability that œ will be 
emitted on first-order report, Pi(a), 
is greater than zero. Consider a 
large number of exposures N for 
which there will be 2; = NP1(i) first- 
order reports of the exposed syllable 
and nae = NPi(a) first-order reports 
of the unexposed syllable œ. We now 
ask, what is the probability of è if all 
a responses are eliminated? The 
answer, 7;/(N — ma), gives us the 
probability Pə(i) that the exposed 
syllable will be given on second-order 
report if a is the first-order report. 
The second-order probabilities of each 
remaining unexposed syllable can be 
found in the same way. For the un- 
exposed syllable 8, for instance, P2(8) 
= ns/(N — na), where ng = NP,(8). 
These probabilities of second-order 
report are illustrated in the column 
for r = 2 in Table 4. Since all un- 
exposed syllables are equally probable, 
the same solution would be reached if 
the syllable emitted on first-order 
report were some unexposed syllable 
other than a. We can therefore let 
the general symbol jı represent what- 
ever unexposed syllable is emitted on 
first-order report. It follows that 


, tp 2 ANED 
PO = Vo, N— NPG) 
ee) 
1 — Pia)” 


The reasoning upon which this 
equation is based can be seen more 
clearly when stated in terms of a 
conventional statistical device. Sup- 
pose there to be an urn containing N 
balls which differ only with respect to 
color. There are balls of m different 
colors in the urn; 7; of them are white 
and the remaining balls are divided 
equally among the m — 1 remaining 
colors a, 8, Y, +++. After each draw 
from the urn we remove all balls hav- 


Es] 
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ing the color of the ball that was 
drawn. Suppose the initial draw 
turns up a ball of color œ. All balls 


of that color are thereupon removed 
from the urn, leaving only N — na 
balls in the urn for the second draw. 
Then the probability of obtaining a 
white ball on the second draw will be 
ni/ (N — na). Since na = mg = ---, 
it can be said in general that the 
probability P2(z) of obtaining a white 
ball on second draw if the first draw 
yields a nonwhite ball is n;/ (N — Bi) 
where nj, = na = ng = --- is the 
number of balls having the same color 
as the ball which was first drawn from 
the urn. Equation 5 follows im- 
mediately from the definitions P(i) 
= n;/N and P,(j;) = n;,/N. 

The same reasoning can be followed 
to show that 

P3(i) 
i P2(j2)’ [6] 


where P2(j) is the second-order prob- 
ability of whatever unexposed syllable 
is emitted on second-order report. 
Third-order probabilities calculated 
on the assumption that the first- and 
second-order reports are the un- 
exposed syllables a and £, respectively, 
appear in the column for 7 = 3 in 
Table 4. In general, the probability 
P,(i) that the exposed syllable will be 
emitted on the rth-order report if 
unexposed syllables have been emitted 
on all preceding reports is 
P,(i) 
1 — Pria(jr-1)” 
For reports of a given order, say the 
rth, the probability of any unexposed 
syllable, P,(j-) will equal the com- 
plement of the probability of the 
exposed syllable, Q,(i) = 1 — P,(i), 


P3(i) = 


P-(i) = [7] 
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divided by the number of equally- 
likely unexposed syllables. On the 
rth order of report the number of un- 
exposed syllables whose strengths are 
greater than zero will be (m — r), 
since (r — 1) of the original (m — 1) 
unexposed syllables will have been 
reduced to zero strength by virtue of 
having been emitted on an earlier 
report. Then for the (r — 1)th report 


Qr-1 (i) 


Pra(jra) = mo 
a1- Pri) [8] 
~ m—(r—1) 


Substituting into Equation 7, We 
obtain 


P,(i) = 
= 


P,-1(i) 
1 — Pad) 
m—(r—1) 

— (mar +1)Prl) po 

~ “= r) + Pri) i 
Similarly, 

P,_2(i) 
1 = Pral jr) 

k (m — r + 2)P,_2(i) c10] 
(m — r +1) + Pri) 

To obtain P,(i) in terms of P,-2(i) We 
substitute for P,_,(i) in [9] its value 
in [10] and simplify. This gives 


P,(i) = Mt = 1 + 2)P,2(i) 
(m = 1) + 2P, (i) 
When this red 


times, 


Pri(i) = 


pid 
uction is carried out @ 


Pi) = =r + a)P,_a(i) 

(m — r) F aP, a(i) 

Proof of Equation 12 is by mathe- 
matical induction. The (a+ 1)th 
reduction is defined by the solution ° 
Equation 9 for P,—a(i) in terms ° 
Poaz (i). Substituting Tor Peat 


laes mi 12 and simplifying, We 


p27 


En =r +aJin — (r — a) + 1]Pe-o-1() 


m — (r — a) + Pehi) 


P,(i) = 


alm — (r — a) + 1]Pe—a)-1 (i) 


(m = + 


m — (r — a) + Po-a-1) 
Cm — r + alim Z7 +a+1JpP, 


“Tm =r] n — r F a) + Pre @1 F a(m— r 


t~a- (i) 


3J 
+a tip, aw 3 
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With further simplification the de- 
Nominator becomes 


(n — r)(m =r + a) + Praa Òn — r) 
E. +a(m—r+a+1)] 
= (m — r)(m — r +a) 
+ Prali) [Ela + 1)(m — r + a)]. 
ye (m — r + a) terms cancel with 
same term in the numerator of 
quation 13, and, after bracketing, 


Py = Dn r + @+1)1P en) 
(m = r) + (@ + 1)Preves (i) 


e conditions for proof by mathe- 
ical induction are fulfilled, since 
(uation 14 is the equivalent of 
qQuation 12 for a = (a + 1). 
x ni desired solution for P,(i) in 
on of P,(i) is a special case of 
ation 12. Leta = (r — 1), then 


Pay a Lm =r + (r -DIPÒ 
(m — r) + (r — 1)Pr-¢-9 (i) 

= (m — 1)Pi(t) 
(m =r) + (r — DP 


Equati a 
th aka 15 states the probability 
Ported e exposed syllable will be re- 
in ten as at least the rth-order report 

er ns of its probability as the first- 
Breat report. It can therefore be of 

i RG in the theoretical analysis 
rovid, istoscopic experiments. It 
of th es a direct and independent test 

Ba assumptions from which the 
e wae and McCleary data have been 
hoa here.2 What is of greater 
tive rtance, it provides a quantita- 
a Predictive test of experimental 
ables pements of the stochastic vari- 
Perce that are assumed to underlie 
on Ptual report. Such a formula- 
f e be of value not only in the 

7 analysis of subception phe- 
of cometimental proof that the probability 

ioana report is greater than chance 
(Gage! after this paper was completed 
tecti er, P, D., & Chapanis, A. Do incor- 
Som, Y perceived tachistoscopic stimuli convey 
181, information? Psychol. Rev., 1953, 60, 
Be 188); The data reported there, however, 

Not extensive enough for a quantitative 
St of Equation 15. 


[14] 


[15] 
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nomena, but in the development of a 
general theory of the role of response 
processes in perception. 

It will be observed that Equation 
15 depends upon the assumption that 
the various unexposed syllables have 
equal first-order probabilities. Ac- 
tually the equation will give fairly 
accurate solutions when these prob- 
abilities are not equal, unless the 
differences are very extreme. Such 
cases are not likely to arise in experi- 
ments making use of nonsense syl- 
lables. If an exact solution should be 
desired under these conditions, it can 
be obtained by substituting experi- 
mental values for P:(j:), P2(jo), <+> 
P,(j,) and carrying out successive 
reductions in the manner of Equations 
9 and 10. The only additional data 
required by this type of solution are 
the first-order probabilities of all 
unexposed syllables. 


SUMMARY AND CONCLUSION 


Since the statistical assumptions 
put forward here account for the 
subception effect, it is unnecessary to 
postulate the existence of a subception 
process (‘discrimination without 
awareness’). Although postulation 
of a subception process cannot be 
excluded as an alternative interpreta- 
tion, the present assumptions can be 
shown to possess several advantages 
over it. , 

1. The present assumptions are 
consistent with what has been called 
the symbolic-report hypothesis. This 
hypothesis is a general principle of 
wide application to perceptual phe- 
nomena. As long as this hypothesis 
can be shown to hold without excep- 
tion, it provides an empirical law of 
great analytic value. 

2. From the present assumptions 
it is possible to deduce some 13 
definite inequalities of GSR between 
the Lazarus and McCleary experi- 


110 


mental categories, whereas only one 
inequality follows rigorously from the 
subception hypothesis itself. 

3. The present assumptions assign 
a definite significance to exposure time 
as a parameter of the inequalities of 
GSR. Exposure time will affect in- 
equalities differently according to the 
categories being compared. Although 
the Lazarus and McCleary data are 
insufficient for this kind of analysis, 
the effects can be tested in further 
experiments. 

4. The present assumptions yield, 
in addition to the interpretation of 
GSR inequalities, quantitative deduc- 
tions of syllable probabilities for 
lower-order reports. The subception 
hypothesis offers no interpretation 
of these data. 

5. The present assumptions are 
subject to quantitative formulation on 
the basis of experimental data. The 
two basic relationships needed are (a) 
the function relating average strength 
of a syllable process to the duration 
for which the corresponding syllable 
is exposed, and (b) the function 
relating mean GSR to the average 
strength of the processes underlying 
shock syllables. Since the average 
strength of a syllable process is defined 
in terms of the probability of that 
syllable’s report, both of these func- 
tions can be determined by ex- 
periment. 

All these advantages may be sub- 
sumed under the statement that the 
statistical form of the symbolic-report 
hypothesis possesses far greater po- 
tentiality for the analytic description 
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of perceptual phenomena than does 
the subception hypothesis. Even if 
those implications which cannot yet 
be compared with experimental data 
should fail to be confirmed by later 
tests, this general advantage woul 
still rest with assumptions of the type 
of the present ones. For only when 
ad hoc postulations like the subceptio" 
hypothesis are replaced with theo 
retical concepts having the mathe- 
matical properties of variables can 
rigorous description be given to a wide 
range of phenomena. 
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This paper will be concerned with a 
redefinition of the concept of reinforce- 
ment and its application to a compre- 
hensive interference theory of inhibitory 
Phenomena. These two distinct posi- 
tions are part of a general theory of 
behavior under development by the 
author. However, from the standpoint 
of the more conventional conceptions 
of learning, it is felt that these two 
Positions may stand by themselves and 
Serve as a partial theoretical background 
Or a series of experimental studies (1, 
a 12, 14). These studies may be con- 
‘dered in the light of applications of 
the general theory and particularly of 

€ Positions here developed. 


ABSTRACTION AND THE NOTION OF 
REINFORCEMENT 


The notion of reinforcement is an 
Straction, It is a construct which has 
Bee te role in a system of abstract 
ani (theory); and to be meaningful as 
the ae or as a linguistic term denoting 
Co a entertained, the definiens ay 
denotin’ or be reducible to, symbols 
Ing observables. If the idea is 
eva traction from objects of the thing 
simp] eB. animal or wood, then the 
efiniti ostensive or denotative mode of 
e ìon would suffice. If, however, 
abstraction is one pertaining to un- 
Ree as in the case of reinforce- 
«then the operational definition is 
inte Proper form of definition to secure 
Tsubjective agreement concerning the 


ab: 


1 . 

ae Wish to express my gratitude for invalu- 

fess aid received through discussion with Pro- 

oe M. Ray Denny, R. A. Behan, R. H. 

an is, H. M. Adelman, O. Smith, R. Martin- 
€, and M. Goer. 


possibility of entertaining the idea in 
question (13). 

We may distinguish the theoretical 
properties of a construct (its functional 
relationship to other abstractions in a 
theory) from a given operational defini- 
tion of that idea. The notion of rein- 
forcement carries the connotation of 
cause.” Reinforcement causes learning. 
As a causal agent, then, the assertion or 
denial of the idea is tantamount to the 
prediction of learning or its absence in 
a given situation. Reinforcement, once 
asserted, must specify what is learned, 
that is, what response is learned to what 
stimuli. Therefore, we may expect that 
an adequate operational definition of 
the notion will determine the grounds 
for asserting or denying learning; and 
further, it will precisely specify what 
response is learned to what stimuli: 

We wish to defend the theoretical idea 
of reinforcement; but we wish to deny 
contemporary operational definitions of 


» is here used in the sense 
thin philosophy of sci- 

To assert that such and such a state of 
affairs causes learning, is to assert that there 
exists a more molecular chain of events (a 
neurophysiological chain of events) _Which 
links the observed “state of affairs” with the 
observed modification of behavior. There- 
fore, the definition of reinforcement should 
define the parameters necessary to produce a 
neurophysiological chain of events which 
makes reasonable the relationship between 
such and such a situation and the observed 
modification of behavior. Thus it may be 
argued that the notion of sheer “contiguity” 
specifies only one of the portis for learn- 
ing, that the notion of “drive reduction” 
specifies an erroneous, or at least unparsimo- 
nious, parameter, and finally, that “elicita- 
tion,” the hypothesis to be proposed, does 
delineate an acceptable and parsimonious set 


of parameters. 


2 The term “cause” 
usually employed wii 
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this idea, specifically the “drive reduc- 
tion” hypothesis and the “contiguity” 
hypothesis. The drive reduction hy- 
pothesis would seem to be empirically 
false (5, 6, 18, 19), neurologically im- 
plausible as the cause of learning (5, 6), 
and operationally inconsistent. For ex- 
ample, compare the definitions and ap- 
plications of primary and secondary 
reinforcement (10). “Contiguity” as 
formulated by Tolman (22) and Guthrie 
(4) is universally applicable and there- 
fore meaningless within the Present sys- 
tem. One may never deny the occur- 
rence of learning to contiguous stimuli; 
therefore strict adherence to a conti- 
guity hypothesis yields false predictions 
when utilized in conjunction with the 
habit concept. One must predict that 
the animal will tend to learn to do what 
it did on the previous trial. Thus, a 
redefinition of the construct reinforce- 
ment would seem to be in order at the 
present time. 


Tue ELICITATION HYPOTHESIS 


A reinforcement (E) will occur when- 
ever there occurs a stimulus (s) or a 
stimulus complex (S) that elicits a 
characteristic response (r). Given the 
occurrence of a reinforcement, there will 
result an increment to a tendency (sH p) 
for that complex to evoke a member of 
that response class (R). 

There are several features of the defi- 
nition which require some elaboration. 
First, the critical operation to secure or 
to assert a reinforcement is that of pro- 
ducing or causing some identifiable mem- 
ber of a response class to occur. For 
example, the experimenter makes an ani- 
mal hungry so that it will approach and 
eat a pellet of food. Secondly, a mem- 
ber of that response class will reoccur 
with increasing probability and decreas- 
ing latency, and a member of that re- 
sponse class will occur if stimulus gen- 
eralization occurs in a behavior se- 
quence. The anticipatory occurrences 
of responses which are produced by 
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stimulus generalization of the habit to 
places temporally antecedent to the 
eliciting stimulus complex may provide 
the basis for the explanation of extinc- 
tion phenomena. This matter will be 
discussed below. 

The operational determination of the 
reinforcing stimulus, where seemingly 
indeterminant, e.g., the latent learning 
catastrophe, may proceed by the time 
honored methods of determining caus4 
agents if one is wary of the inferentl@ 
pitfalls of such methods (3, ch. 13) 
Within the present formulation of rein- 
forcement, to test for latent learning 1” 
an experimental situation that excludes 
reinforcement, one merely eliminates thë 
stimulus or stimulus complex that pro" 
duces the response class to be “latently 
learned. 

One additional point concerning a 
definition should be made, namely, th 
lack of an operational distinction Þe 
tween primary and secondary reinforc- 
ers. Both elicit identifiable responses; 
hence both reinforce, One type is prior 
to and not dependent upon previous 
learning, e.g., shock, while the other * 
contingent upon previous learning, €87 
discriminated stimuli. There is, how” 
ever, a difference in the effects of usiDé 
these different types of reinforcing age! 
to produce new learning. This leads Y$ 
to a third type of reinforcer which |$ 
also contingent upon past learning 2? 
upon the presentation or the occurrence 
of “secondary” reinforcers. We Wi 
tentatively define frustration as follows’ 
Frustration Stimulation (s;) will occur 
in a learned sequence whenever the 
elicitation of a learned response (C 
results in the occurrence of a stimula- 
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ticular kind of stimulation occurring in a 
Specific type of situation; and learning 
with respect to the situation must have 
Occurred to some extent before sy will oc- 
cur. Care should be taken to distin- 
Suish s; from emotion, here considered an 
unconditioned response to other types of 
Situations, although frustration may re- 
sult in “emotional” behavior. Further, 
a has the property to elicit a class of 
eee behavior. Therefore, the 
at may be considered an axillary 
din” specifically demanding the asser- 
ire of E. Since frustrating situations 
oii reinforcing, the stimulus complex 

ich initiates s, will be conditioned to 

Sy. 
E reactions to sy will vary as the 
o physical situation varjes. For 
tory ps, Sy occurring after an anticipa- 
chara urn into a cul results in responses 
ae by “recoil,” whereas sy oc- 
in be E in an enclosed goal box results 
T avior grossly described as “emo- 
is ine i Habits based upon sy behave 
nal t and interact with the origi- 
action it frustrated. It is this inter- 
ent y of habits based upon two differ- 
s „ources of reinforcement, eg., US, 
D Which seems to suggest an explana- 


i Scar 
eee Of some complex extinction phe- 
Omena, 


APPLICATIONS 
police the selective marshaling of posi- 
tien experimental evidence is not par- 
pi ularly impressive Or parsimonious, 
ethaps it will be better to apply the 

Ybothesis in a few general cases. 

i Shock and learning. In experiments 
volving shock, extreme care should be 
aken to observe exactly what kind of 
Tesponses are actually being elicited 
tom each animal. These are the re- 
SPonses that will be Jearned. For ex- 
ample, consider the experiment by Brog- 
den, Lipman, and Culler (2) which has 
Played an important role in the develop- 
Ment of the two types of conditioning 
formulated by Hilgard and Marquis 
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(7). Under the classical procedure, 
animals are shocked with every presen- 
tation of a buzzer while in a revolving 
cage. The results of this procedure 
show, first, a steady but slow increase 
in “anticipatory running,” and then, in 
the latter stages of the experiment, 2 
steady decay in anticipatory running. 
On the other hand, during instrumental 
escape administration, shock is with- 
held if the running response appears in 
anticipation of administration of shock. 
Here the results show rapid, unhindered 
learning. 

Consider the effect of the two methods 
of administration of shock upon the re- 
sponses elicited (17). With the classi- 
cal procedure, the running response is 
elicited during the early stages of the 
experiment, for the animal is relatively 
stationary. As this response begins to 
appear in anticipation of shock, the 
shock appears while the animal is in 
motion. The response elicited, if any- 
thing, disrupts or interferes with the 
previously learned running response. 
Thus, the classical procedure, which does 
not assure consistent effects of shock 
throughout the course of learning, re- 
sults in first an initial rise in the learn- 
ing of “anticipatory running” and then 
gradual disruption of the response to 
be learned. Of course, new responses 
are now being elicited in anticipation of 
shock. On the other hand, with the in- 
strumental procedure, shock is with- 
held if the running: response is elicited 
by the buzzer. Thus, the response is 
protected from disruption by shock. 
Unhindered learning does result with 
the instrumental procedure. From the 
present position, the distinction between 
the two kinds of learning with respect 
to shock would seem to be theoretically 
superficial. 

Two-jactor theories of reinforcement. 
The conditioning of internal and auto- 
nomically produced reflexes must be 
treated somewhat differently from the 
conditioning of skeletal responses. A 
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characteristic of internal reflexes, not 
shared by the instrumental skeletal re- 
sponse, is that of being elicited by the 
initial phases or onset of the uncondi- 
tioned stimulus and of being maintained 
throughout the duration of shock. If 
shock persists for a period of time, the 
identical internal reflex persists, while 
a wide variety of skeletal responses 
may appear throughout the duration 
of shock. Now if the external stimu- 
lation complex is markedly changed 
during the continued presence of shock, 
the stimulus complex associated with 
onset of shock may acquire the prop- 
erty to elicit internal responses but not 
the ensuing instrumental escape re- 
sponse. These internal reflexes would, 
however, form a distinct and persistent 
internal stimulation pattern which would 
be part of the total stimulation complex 
eliciting the skeletal response instru- 
mentally made to escape shock. There- 
fore, with the continued repetition of 
the sequence, elicitation of internal re- 
sponses without the elicitation of the in- 
strumental skeletal response would be- 
come increasingly improbable. 

When skeletal responses are made to 
continued presence of shock a different 
hypothesis emerges. A response elicited 
by a given stimulation complex is a 
response reinforced to that complex. 
However, a second and different re- 
sponse elicited to the same external 
complex would also be reinforced, the 
second response replacing the first as 
the response most likely to occur sub- 
sequently if the shock and thus the se- 
quence of events were terminated. In 
other words, the last response elicited 
by a given stimulation complex will be 
the first to occur to that complex on 
subsequent occasions. This principle 
was first applied by Guthrie (4) and 
will be used in a similar manner in ap- 
plying the elicitation hypothesis. 

Through the above analysis it is seen 
that “drive reduction” as presently ap- 
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plied within the Hullian framework has 
only-a tenuous correlation with the re- 
sponse to be learned. When consider- 
ing the differences in the analysis of the 
learning of the two types of responses: 
internal and skeletal, it becomes ap- 
parent that two types of learning (7) 
or two types of reinforcement (15, 20) 
could easily be posited. “Contiguity 
with the onset of noxious stimuli oT 
“contiguity” with the elicitation of 1 
ternal responses becomes a special eee 
of the application of the elicitation by 
pothesis as does the reinforcement © 
the terminal skeletal response throug 
“drive reduction.” 7 

Classical conditioning. The leat 
of a behavior sequence originates w A 
the involvement of an S complex with 3 
reinforcing stimulus. The first influenc® 
of a reinforcement is upon stimuli C0 
existing spatially and temporally. it 
effect of a reinforcement is upon a habit 
involving that complex with the E 
sponse class produced. Thus, irreleva 
(conditioned) stimuli come to stand 5 
the same relation to response as doe 
the unconditioned stimulus. This is 2 
course similar to the substitution bY 
pothesis as elaborated by Hilgard p 
Marquis (7). Because of reinforc 
ment of trace elements present m o 
eliciting complex and the similarity, 
internal and external stimulation, 1:67 
hunger pangs, gray alley and goal boz 
constant illumination, etc., on sub 
quent trials, spatially and temporally 
prior complexes will elicit R,. In less 
cal conditioning, this response class Í 
the molecular internal unlearned ia 
vary reflex elicited by meat powder, 
while the temporally antecedent comple* 
involves a ticking metronome as a dis- 
criminative stimulus. 

Natural approach and avoidance: 
The analysis thus far is also descriptive 
of the learning of natural sequences 
which terminate with pleasant or noš- 
ious unconditioned stimuli, On subse- 
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quent trials, S’s antecedent to S, (the 
eliciting complex) come to elicit R, (the 
elicited response class). In case R, isan 
approach class, S’s antecedent in time 
to S, elicit an approach response which 
results in the next S complex which will 
in turn elicit approach responses. This 
Sequence of events if not interrupted 
will automatically result in Sẹ and termi- 
Nation of the sequence. If R, is an 
avoidant class, then temporally antece- 
dent $’s will elicit responses which do 
not lead to the complex more approxi- 
mate to S,. This sequence of events, if 
unhindered, automatically leads to the 
elimination of the sequence. 

An interference theory of inhibition. 
This position postulates that extinction 
'S a result of the learning of responses 
Which are elicited by the omission of the 
reinforcing stimulus in a learned situa- 
tion. This new response tendency in- 
terferes with the original response tend- 
ey - Complete extinction, then, is 
wd as an unstable equilibrium of 
A © competing response tendencies to 

Common stimulus complex (11). 
in By applying Hull’s stimulus-pattern- 
ge corollary V (9, p. 379) to the ex- 
ction situation, the following law may 

e derived: any change in the stimulus 

Situation which was present during learn- 
ing will result in the learning of com- 
Peting responses (Rs;) to a discrimina- 
tive stimulus complex (Sss). Where 
Minimal change of the stimulus com- 
Plex occurs, e.g., omission of reward 
Only, extinction will be described as re- 
earning, Where marked changes occur 
at the beginning of extinction, we will 
refer to the extinction process as dis- 
rimination learning. It follows from 
Corollary V (9, p. 368) that the greater 

stimulus difference between the 
earning and extinction situations, the 
faster the discrimination and, as a con- 
Sequence, the faster the so-called ‘“inhi- 
bition” of the original response due to 
learning of an incompatible response to 
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frustration. The introjection of mass- 
ing procedures when learning was 
spaced or the elimination of “sec- 
ondary reinforcing” (discriminative) 
stimuli may serve as an example of 
this prediction. 

In the following section, we should 
like to try to answer specifically the dif- 
ficulties facing the formulation of this 
type of theory as posed in a review of 
theories of learning: 


1... . what makes the competing response 
occur initially, and how does it eventually be- 
come stronger than the originally learned re- 
sponse? (21, p. 713.) 


The competing response is initially 
elicited by frustration resulting from 
the removal of the reward in the learned 
sequence. This state of affairs, by defi- 
nition, results in the reinforcement of 
“that response” to “that stimulus com- 
plex.” During extinction, as long as the 
original response tendency is stronger, 
frustration will again occur and the com- 
peting response tendency will be further 
strengthened. An unstable equilibrium 
is the end result of “complete” extinc- 
tion with the new interfering tendency 
slightly the stronger of the two tend- 
encies. 

2. One of the most embarrassing findings is 


the fact that the massing of trials has op- 
posite effects on conditioning and extinction 


(21, p. 713). 


Original conditioning usually concerns 
the development of habits to new stimuli 
in an unfamiliar situation, while extinc- 
tion involves the learning of new re- 
sponses in a previously learned situa- 
tion. As a consequence, care should be 
taken when generalizing from the effects 
of variables in the one situation to ef- 
fects of the variable in the other situa- 
tion. Massing procedures often gen- 
erate unconditioned emotional responses. 
These would tend to interfere with the 
learning of a new response. However, 
during extinction these same emotional 
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responses would facilitate the extinction 
of the learned response. The effect of 
massing procedures upon rate of ex- 
tinction should also depend upon the 
kind of procedure employed during 
learning. When learning is spaced, 
and it usually is, massing of extinction 
trials results in a discriminative extinc- 
tion situation, and extinction of the 
original response should be facilitated. 


3... . the absence of positive correlations 
between conditioning and extinction meas- 
ures ..... (21, p. 713). 


In order to derive positive correla- 
tions between the rate of learning and 
the rate of extinction utilizing an inter- 
ference theory it is necessary to assume: 
(a) that the two situations are identical 
and they are not here considered to 
be, (b) that there exists some general 
“Jearning ability,” which does not seem 
to exist at all (8, p. 635), and (c) that 
this ability is the only variable con- 
tributing to rate of learning and extinc- 
tion, which is at least questionable. 
However, we might assume that rate of 
learning is indicative of adjustment to 
the experimental apparatus and pro- 
cedure which is in turn related to some 
emotionality factor. Here we have a 
general factor common to both learning 
and extinction. However, this factor 
could result in slow learning but fast ex- 
tinction since the occurrence of emo- 
tional responses would result in addi- 
tional interference to the original re- 
sponse. In this case the interference 
theory would generate the prediction of 
negative correlations. In general, the 
absence of positive correlations may be 
viewed as a confirmation of, and not an 
inconsistency with, predictions stem- 
ming from a pure interference theory. 

4... . the differential effects of an extra 
stimulus on responses extinguished to differ- 
ent degrees .. . (21, p. 713). 

The phenomenon of disinhibition 
seems to be a rather complex phenome- 
non and offers difficulty to rival theories 
of inhibition (20, pp. 96-102; 21, p. 
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715). However, within the present posi- 
tion, if we can assume that the extra 
stimulus is sufficiently pervasive to 
disrupt the stimulus complex actually 
eliciting the response class in question, 
several predictions can be made. First, 
in a relearning type of extinction situa- 
tion, since the complex in question elicits 
both the learned and interfering habits 
indiscriminately, little or no disinhibi- 
tion would be manifested. In the dis- 
criminative type of extinction situation, 
the extra stimulus would selectively 
disrupt the discriminative stimuli tO 
which the interfering responses are being 
learned, allowing the original habit to 
manifest itself more rapidly following 
presentation of the extra stimulus- 
Granted the above analysis, we may €- 
pect in the relearning type of situation 
that any observed disinhibition woul 

decrease as extinction progressed. In 
the discrimination type of situation, We 
might expect the opposite. Suffice it tO 
say that a pure interference theory may 
be able to handle adequately the 
phenomenon of disinhibition; however, 
much more research in this area is 
needed before the Phenomenon of dis- 
inhibition may be regarded as embar- 
rassing to any theory of inhibition. 


5... . the different types of extinction 
curves following massed and distributed con- 
ditioning . . . (21, p. 714), 

In general, the original learning con- 
ditions and their relationship to the con- 
ditions obtaining during extinction are 
considered the primary determiners of 
the obtained extinction curves, an 
variations in the learning conditions will 
certainly produce noticeable effects upon 
extinction curves, €.g., partial reinforce- 
ment, variation of intertrial interval, 
etc. 


Gi as « the extinction of a conditioned pu- 
pillary response in a curarized cat (21, p. 714). 


It would seem plausible to attribute 
extinction of this reflex to physiological 
fatigue since the response in question 
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Involves such a limited number of an- 
tagonistically operating muscles. The 
Interference theory here employed is 
Concerned with the prediction of gross 
skeletal responses of intact organisms in 
Complex stimulus fields under normal 
learning conditions. In this case, physi- 
ological fatigue or inhibitory states aris- 
mg from performance or work are con- 
sidered irrelevant variables. This is 
ia deny that physiological fatigue is 
in vant, but to assert that its effect 
1 the usual learning experiment is negli- 
pae For experimental evidence for 
il a on see (12). A more in- 
the DE problem might be to explain 

earning of this response from the 


ri . fs ; 
lve reduction position of reinforce- 
ment, 


7 
tane ++. and even the phenomena of spon- 
Ous recovery... (21, p. 714). 


a bontaneous recovery within this sys- 
tein a considered to be a function of the 
ee pee a of cues previously _asso- 
me with reward. Since extinction 1s 
oe as an unstable equilibrium be- 
any § competing response tendencies, 
ae Pee reinstatement of cues which 
with been discriminatively associated 
na i ie may be expected to aes 
Come ee and consequen 
afford: eous” recovery. The theory 
ions S a system in which many predic- 
may gees spontaneous recovery 
tradi Ai generated, some of which con- 
applic Predictions stemming from the 
Hull cation of the theory proposed by 


8. St , 
type Still other difficulties confronting this 
R ot interference theory may be found in 
(21 an’s thorough discussion of the problem 
»B. 714), 


“ee analysis of Razran’s (16) criti- 
ms, which are experimentally founded 
a d are not considered above, yielded 
O serious difficulties for the present 
Position within the scope intended. 
Having specifically answered a list of 
traditional criticisms of pure interfer- 
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ence theories, I would like to summarize 
briefly a few of the more important ex- 
perimental results we have obtained di- 
rectly as a consequence of testing pre- 
dictions stemming from the applications 
of the theoretical position elaborated 
above. 

1. The massing procedure serves as a 
cue when discriminately associated with 
nonreward (11). 

2. Response inhibition may be rapidly 
learned where no previous inhibition 
(In) was present (11). 

3. Amount of effort expended during 
extinction of a molar response is not a 
significant factor in the extinction proc- 
ess (12). 

4. Partial reinforcement produces dis- 
crimination learning, and the resulting 
resistance to extinction is a function of 
the degree of discrimination obtained 
prior to extinction, OTE (14). The 
tentative generic formula suggested by 
the theory for fixed ratio reinforcement 
in a Skinner-box situation is as fol- 
lows: The number of responses to ex- 
tinction resulting from fixed-ratio re- 
inforcement equals the percentage of 
discrimination obtained under partial 
reinforcement prior to extinction times 
the reciprocal of the ratio of reinforce- 
ment employed times the number of re- 
sponses to extinction of a maximal habit 
reinforced at a ratio of 1.0 (100%). 
Percentage of discrimination is defined 
as the ratio of responses to the food 
dish to the number of bar presses per 

A-1 
reward, D=1— NIT 

5. Partial reinforcement per se does 
increasing resistance to ex- 


not yield asing resistance 
tinction where discrimination is impossi- 


ble (14). re 
6. Resistance to extinction of a run- 


e is a function of the type 
of response elicited by frustration (re- 
moval of reward). A directly opposing 
or incompatible response to frustration 
yields rapid extinction of the original 
response, while a response compatible 


ning respons 
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with the original running response yields 
little or no extinction of the original re- 
sponse (1). 

7. The response to frustration will 
not extinguish without the introjection 
of some other frustrating stimulus block- 
ing completion of that response (1). 

Statements 6 and 7 when considered 
together yield a theoretical prediction 
and an experimental confirmation of the 
relation between fixation and extinction 
of a response tendency. A series of pre- 
dictions drawn from the general theory 
concerning fixation are presently being 
investigated, with the hope of very 
simply demonstrating a “functionally 
autonomous” maladaptive running re- 
sponse in the rat. 


SUMMARY 


This paper has attempted to formu- 
late a new reinforcement hypothesis and 
to defend a pure interference theory of 
extinction. We have attempted to indi- 
cate the parsimonious integrative power 
of the elicitation hypothesis and its role 
in producing inhibition in the hope that 
specific and detailed experimental evi- 
dence soon to be presented will be more 
meaningful since the facts obtained rep- 
resent somewhat of a departure from 
hypotheses drawn from conventional 
behavior theory. 
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= MacCorquodale and Meehl cor- 
Faci maintain, “the view which theo- 
‘ate _ Psychologists take towards in- 
ooo variables and hypothetical 
Ma cis will of course profoundly 
thou en the direction of theoretical 
È re t” (14, p. 95). Accordingly, it 
in eat to examine whether the 
lated T for this distinction, as formu- 
ably y these authors, can be reason- 
e oaea, especially in face of 
ters a criticisms from various quar- 
Which ¢ 12, 15, 16). The conclusions 
to ju the present paper will endeavor 
ed are (a) that there are funda- 
fens methodological and logical dis- 
ee ‘ons between what might be termed 
ee variables and hypothetical 
Hes, Tucts, but (b) that the grounds for 
tea distinctions are other than those 
tint by MacCorquodale and Meehl. 
e e of the arguments presented by 
of cw authors seem to suffer from lack 
clarity, and it may be because of this 
RA the distinction has been repudiated 
mie even where accepted, not always 
signs of adequate understanding. 


S 
OME DISTINCTIONS BETWEEN LAWS 
AND THEORIES 


Rear emhere (6), in somewhat closer 
tin il, some of the characteristics dis- 
Jape scientific laws and theories 
view outlined and supported against 
fin, which either denied the distinc- 
in ae its importance or which main- 
Sim that laws only were the proper 
Š which psychological knowledge 
Ould assume. 


1 

Na The writer is grateful to Profs. Ernest 
vi gel and Rita W. Nealon for critically re- 
w ewing the manuscript and offering sugges- 
ions toward its improvement. 


Tt is generally accepted that the cen- 
tral objective of scientific endeavor is 
to arrive at an understanding of the 
universe or various of its parts and 
facets. What does it mean to under- 
stand? This question is directed not 
upon things understood, but once re- 
moved, upon understanding itself. Its 
answer would afford an understanding 
of understanding. What are the meth- 
ods, objects, and objectives of such 
once-removed understanding? Is it the 
behavioral processes undergone or meth- 
ods employed by those questing under- 
standing which is the object? Or is it 
the final product of such questing, the 
linguistic systems Or logical artifacts 
arrived at? In either case, which be- 
haviors or methods or which artifact 
outcomes are to be taken as paradigms? 
Connected with the foregoing, are the 
second-order methods involved in ex- 
amining first-order methods of under- 
standing or their outcomes identical 
methods, and are their outcomes of 
identical status or kind? That is, are 
the former part and parcel of a more 
inclusive and unitary enterprise of un- 
derstanding or something quite apart 
and presupposed or immune? Are these 
second-order methods purely analytical, 
or are they empirical, or, perhaps, some 
nation? And if a combination, in 
what proportions and mode? What ob- 
jectives are to be realized by such in- 
quiries into the forms or tactics of know- 
ing? Are these limited to description 
or may they be reconstructive in per- 
forming critical or legislative functions? 
And if the latter, by what warrant and 


to what degree? 
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These sundry questions suffice to il- 
lustrate the inevitability and (perhaps) 
perpetuity of divergent opinions con- 
cerning the meanings to be attached to 
and the answers to be settled upon the 
question “what does it mean to under- 
stand?” But it is an issue which must 
be joined and one which can result in 
enlightenment. Opinions are not all of 
one quality. They can be sorted out 
and appraised in respect to (a) their 
pragmatic significance in expediting the 
primary scientific objective, the under- 
standing of things, (b) the degree to 
which they accord with the history of 
scientific development and the totality 
of common human experience, and (c) 
their measure of internal consistency 
and comprehensiveness. 

To understand, as here to be under- 
stood, means to be able to explain or to 
be capable of rendering anything in- 
telligible. Essential for any explana- 
tion is the utilization of a principle or 
set of principles as a major premise in 
an argument containing a statement or 
statements of fact and from which a 
conclusion is derived. The conclusion is 
explained if it can be demonstrated to 
be a logical consequence of the argu- 
ment and if the premises are empirically 
certified to be true. There are two es- 
sential kinds of principles, those which 
are called laws and those which are 
called theories. The differences between 
them are crucial to an understanding of 
what it means to understand and to the 
distinction between intervening varia- 
bles and hypothetical constructs to be 
advanced. 

2. A scientific law is a universal, syn- 
thetic proposition whose terms, denoting 
abstract classes, are connected in some 
form of invariant association. Being 
synthetic means that a law refers to the 
universe and is thus susceptible of em- 
pirical confutation. Being universal 
means that a law applies without re- 
striction to time or place: if it is true, 
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it is true always and everywhere that 
that to which it pertains may exist. 
Accordingly, laws are extremely vul- 
nerable, for their survival depends upon 
the absence of a single contrary in- 
stance. However, this vulnerability is 
only a surface weakness since the sur- 
vival of a law through manifold tests 
confers a high degree of certitude upon 
it. Were laws in principle difficult to 
disprove, they could not warrant much 
confidence, and any law in fact so ob- 
tuse or resistant, is deservedly regard 
with skepticism. 

The concepts associated within a law 
are experimental in the sense of being 
explicable in terms of or directly bound 
up with observation sentences or pro- 
tocol reports. Certification or confuta- 
tion is relatively direct and unequivocal, 
if not in actual practice, then concept 
ally. But this directness and affiliation 
with observation is not solely a logica 
matter. It pertains to genetic considera- 
tions as well, since laws are commonly 
induced, whether by curve fitting or by 
a more liberal type of examination ° 
accumulated data. 

By way of illustration, consider 
Boyle’s law, usually stated as PV = R 
(where R is a constant whose value de- 
pends upon the mass of the gas). Pres 
sure, volume, and temperature are CO” 
cepts which can be rigorously determine 
by relatively direct observational a” 
mensurational techniques, and wha 
they refer to is capable of being pel 
ceived. The law was adduced by Boyle 
as a result of manipulations upon spec 
mens of gas whereby he noticed that 
with the contraction of the volume thet 
occurred a correlated increase in 
temperature and pressure in fixed ratios 
expressed by the law. It is a univers@ 
Proposition because it applies to any- 
thing, anywhere, and at any time whic 
happens to be a gas, That something 
is a gas can be readily ascertained bY 
invoking other criteria involving laws, 


| 


HYPOTHETICAL CONSTRUCTS AND INTERVENING VARIABLES 


e.g., the effects of passing an electrical 
current through it, its spectrum, its 
viscosity, etc. That Boyle’s law is syn- 
thetic is attested to by its susceptibility 
to confutation; that it is true, by the 
absence of such confutation despite re- 
Peated exposure to a variety of tests, by 
its consonance with other principles, and 
by its practical utility. 

The law signifies that alterations in 
at least one of the properties compre- 
hended must result in correlate altera- 
tions in the others in predictable propor- 
tions. The actually observed instances 
of this invariant association are ex- 
Plained by showing them to comprise a 
Subset of a more inclusive range of per- 
missible values. And we understand the 
mechanical behavior of a concrete in- 
Stance of gas when we are capable of 
Providing such an explanation. , 

3. In contrast to a law, a theory is 
not a product of inductive generaliza- 
tion nor is it constituted by concepts 
Which are explicable in observation 
terms alone. Theories are invented, 

Ighly abstract and general systems of 
concepts whose association with ob- 
Servations or facts is indirect rather than 
“Xplicit. No amount of data inevitably 
i ermines a theory in the same way as 

determines a law. Presuming the re- 
Wirement of maximal mathematical sim- 
Plicity, a finite set of data can be so 
©xtrapolated and interpolated as to limit 

© possible form or expression of the 
aw to a few or even one case. For this 
Teason, laws are generally highly re- 
Sistant to change, a fact which is amply 
orne out by the history of science. It 
'S quite otherwise with theories. Be- 
Cause their association with observa- 
tions or facts is relatively remote, theo- 
ties are notoriously mutable in time (in 
Bteater or lesser degree), and at any one 
time, there is likely to exist more than 


$ domain of sub- 
One for a given A a 
ad ba For example, in order to 
rectify certain enaena mane 
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and Bohr’s original quantum theory, 
Heisenberg, de Broglie, Schrédinger, 
Dirac, and recently Einstein have formu- 
lated alternate theories all of which are 
mathematically equivalent but differ 
conceptually. Such a state of affairs 
should be reassuring to the psychologist 
who is disturbed because more than one 
theory of learning is presently contend- 
ing for general approval. 

Typical theories like those of New- 
tonian mechanics, Einsteinian relativity, 
Planck’s quantum, or Maxwellian elec- 
tromagnetics contain ideas which are 
speculative in the sense of involving a 
constructive imaginative grasp of some 
root analogy, universal attribute, or sys- 
tem of entities of suprasensible purport 
or character. Such concepts apply in a 
variety of situations which, before the 
theory was invented, appeared to be in- 
dependent of one another. Because of 
their abstractness, these concepts are 
differently specialized in different con- 
texts of inquiry concerned with differ- 
ent phenomena. For example, in me- 
chanics, the concept of force functions 
in such varied contexts as Hooke’s law, 
Archimedes’ principle, the motion or at- 
traction of bodies in space, the law of 
the pendulum, laws of vibration, etc., 
all involving different coefficients oe 
requiring different specializations 0! 
“force.” But however manifestly differ- 
ent, these phenomena are revealed as 
instances of a common pervasive natural 
order by virtue of their being explained 
in terms of a common theory. 

Distinctively theoretical concepts are 
postulated jointly as can where 
rules of combination an trans ormation 
allow for the logical derivation of hy- 
potheses capable of empirical test. 
When the boundary conditions are ap- 

ately specified, Boyle’s law can 
be thus derived from the kinetic theory 
of gases. The concepts of this theory, 
eg., aggregations of molecules behav- 
ing in mechanical fashion, are not them- 
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selves capable of being defined in terms 
of observations or translated into a 
sense-data language. Rather, it is via 
such derivations as Boyle’s law that the 
theory is empirically tested or coordi- 
nated. Owing to its logical structure, 
a theory may be envisaged as a matrix 
of concepts within which myriad chan- 
nels of progression, whether lateral or 
hierarchical, are provided which con- 
nect diverse facts or relations within 
a unitary schema. Their tremendous 
power for organizing experiences in an 
intelligible and elegant manner makes 
theories the supreme objective of scien- 
tific inquiry, the most Penetrating and 
satisfying form of understanding. 

4. The proper grounds for distin- 
guishing intervening variables and hy- 
pothetical constructs derive from the 
differences between a law and a theory. 
In what follows, the fundamental idea 
to be advanced is that intervening varia- 
bles refer to concepts which are defined 
in terms of or comprise the ingredients 
of laws, whereas hypothetical constructs 
refer to concepts which are the constit- 
uents of a theory. The former, there- 
fore, are capable of ostensive or exten- 
sive formulation while the latter are 
either primitives within a theory and 
thus defined intensionally, i.e., in con- 
nection with the rules of the theory, or 
high-level derivatives of the primitives. 
Considered in this, light, many of Mac- 
Corquodale and Meehl’s characteriza- 
tions receive a more coherent and cogent 
grounding. But it also follows that 
some of their arguments cannot be sanc- 
tioned. 

The criticisms of MacCorquodale and 
Meehl’s views that will be developed 
will function as a means for amplifying 
these contentions. Because of the ob- 
scurities present in their article, Mac- 
Corquodale and Meehl are open to a 
number of alternative interpretations, 
some of which are untenable. 
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Do INTERVENING VARIABLES DENOTE? 


There are a number of arguments pn 
MacCorquodale and Meehl’s article 
(14) which indicate that as they con- 
ceive the distinction, intervening vans 
bles do not denote whereas hypothetical 
constructs do. The following quota- 
tions prove this supposition: hypotheti- 
cal constructs “involve the hypothesiza" 
tion of an entity, process, or event 
whereas intervening variables are simply 
“operational” (pp. 95-96); intervening 
variables “are merely names attached t? 
certain convenient groupings of terms 
in [an] empirically fitted equation « - > 
[and] ‘exist’ [only] in the trivial sense 
that the law holds” (p. 99); our notion 
of intervening variables “involves noth- 
ing which is not in the empirical laws 
that support them” (p. 100); interven” 
ing variables are strictly mathematical 
except “where the verbal accompani- 
ment of a concept ... makes it a BY- 
Pothetical construct” (p. 101); an mi 
tervening variable is “simply a quantity 
obtained by a specified manipulation ° 
the values of empirical variables” (P 
103); in contrast to an intervening 


variable, “it is the business of a bY 
pothetical Construct to be ‘true ” (P 
104) 


; an intervening variable “is merely 
a shorthand summarization [while] f° 


hypothetical Constructs, there is a Sut 
plus Meaning 


106). that is existential” (P 
Is this a defensible 
ing between classe, 
in science? 
useful terms 
nothing or w 
Clearly, 


way of distinguish- 
S of concepts employe 
Are there legitimate an 
in science which refer tO 
hich denote empty classes? 
by definition, logical terms 
ual in this sense and so fat 
e found in laws or theories, 
l a purely syntactical func- 
Ong these are such terms 28 
are determined by or name the choice 
of measuring units; formation signs 
such as universal or existential opera- 


as they arı 
they fulfil 
tion. Am 
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tors, e.g., all, some, every, etc.; connec- 
tives, e.g., and, or, implies, etc.; and 
Punctuation marks. All these signs are 
linguistic conventions applied in ac- 
cordance with logical-syntactical em- 
ployment rules and refer to nothing 
which is or might be existential. It is 
Clear that intervening variables are not 
intended by MacCorquodale and Meehl 
to represent such nondenotative terms. 
; Such terms as “unicorn” or descrip- 
tions like “the present king of France” 
lack denotative meaning since there is 
no class of actual existences to which 
they would correctly apply. However, 
ìt is not inconceivable that there should 
have been or might yet be a time when 
these terms would correctly apply to a 
class of existences. At present, while 
assertions involving these terms are 
either false or without practical scien- 
tific consequences, they are not logical 
contradictions. Accordingly, we must 
allow that were certain conditions to 
obtain, e.g., if at time ¢ and place $ 
ne could observe an animal shaped 
R a horse, with a long horn in its head, 
erst of foot, etc., such terms might cor- 
a apply. We deny them denota- 
ee meaning because such meaning at- 
tibution would flout attested facts or 
certified laws or theories. 
vie is clear that MacCorquodale and 
bl €ehl do not suppose intervening varia- 
fj €s to be analogous to or instances of 
Ctive terms. For example, sr is in- 
‘preted as an intervening variable. 
et, were it fictive in the sense of de- 
Sting nothing or in naming an entity, 
Coes or property whose existence 
ae not be truthfully affirmed in any 
Se, we would have to allow that, so 
aa as we understood the conditions 
4 creby Hr would apply correctly, 
ere these conditions actually realized, 
; © term would acquire denotative mean- 
fe In a certain sense, this possibility 
M Provided for. MacCorquodale and 
€ehl contend that when such terms as 
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sHp are provided with a physiological 
interpretation, they are converted into 
hypothetical constructs and are there- 
fore either true or false, i.e., they ac- 
quire denotative meaning. 

It does not seem likely that Mac- 
Corquodale and Meehl would maintain 
that no psychological concepts denote 
or that, unless they were somehow con- 
nected with physiological references, 
psychological terms would refer to noth- 
ing existential. Yet, at least on the 
issue of denotative meaning, it is dif- 
ficult to see why sHp should be differ- 
ent from terms like “perception” or 
“memory” and the like. 

The suggestion that the distinction 
between intervening variables and hy- 
pothetical constructs be based on the 
latter’s representing or connoting neural 
processes while the former do not, has 
been made by Hilgard (8, p. 265) and 
by Tolman, at least in his latest writ- 
ings (17). As thus construed, the dis- 
tinction is not only a logical one, but is 
also based on factual considerations. 
From the standpoint of the distinction 
as adumbrated here, that the differences 
between intervening variables and hy- 
pothetical constructs stem from the dif- 
ferences between laws and theories, 
whether or not an intervening variable 
or a hypothetical construct has physio- 
logical bearings is entirely irrelevant. 
There can be physiological intervening 
variables and physiological hypothetical 
constructs just as well as psychological 
ones so far as there exist physiological 
laws and theories and psychological 


ones. 
How 
issue, whe 


ever, and more to the point at 
ther any or all psychological 
concepts could be reduced to or some- 
how coordinated with a set of physio- 
logical concepts or with a physiological 
theory would not signal the acquisition 
of denotative meaning by terms which 
previously lacked it. The reverse would 
be closer to the truth, i.e., that a term 
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can be interpreted within an independ- 
ently developed system would reinforce 
our warrant in believing the term to be 
factually significant. 

The difference between (a) psycho- 
logical concepts which might be or have 
been reduced to or coordinated with a 
set of physiological concepts or absorbed 
within a more inclusive unitary disci- 
pline and (b) psychological concepts 
which have not been or may be resistant 
to such convergence is not that the for- 
mer have and the latter do not have 
a surplus meaning which is existential. 
To begin with, the possibility of such 
convergence is not a function of psycho- 
logical concepts alone but also of the 
state of physiological knowledge or of 
scientific knowledge in general. Next, 
even where the connotation of a psy- 
chological concept is not sufficiently de- 
veloped to possess physiological pur- 
port, it does not follow that the concept 
lacks any reference whatsoever. Thus, 
sH, may be supposed to lack physio- 
logical purport and still denote a dis- 
positional property or state of organ- 
isms. 

This latter confusion appears to rest 
upon the nominalistic notion that only 
concrete properties or particulars are 
real or ostensively significant. How- 
ever, abstract terms are not nonrefer- 
ential. Such terms as “blackness,” “do- 
cility,” etc., and all concrete terms ca- 
pable of having a suffix like “ness” or 
“ity” attached to them or of function- 
ing in similar ways in discourse, name 
what some other term connotes. For 
example, as Lewis points out, “ ‘round- 
ness’ names that character or property 
which is essential in order that the term 
‘round thing’ should apply. . . . For 
every concrete term, ‘C,’ there is a 
cognate term which denotes the signifi- 
cate of ‘C’” (the essential property in 
virtue of which C is ‘C’) (13, pp. 41- 
42). These considerations also apply 
to abstractions which denote kinds of 
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relations, such as belongingness or af- 
finity, and to those which represent in- 
terpreted mathematical equations, and 
to dispositional properties or states. 

There is a final class of terms which 
is often considered to be analytic, 
namely, terms comprising a proposition 
which, in a given inquiry context, func- 
tions as a nominal definition or terms 
which function as synonyms for other 
terms. Since such terms assert nothing, 
they contribute nothing new or signifi- 
cant to scientific discourse save toward 
achieving clarity and economy of ex- 
pression. According to Hempel, “4 
nominal definition singles out a certain 
concept, i.e., a nonlinguistic entity such 
as a property, a class, a relation, a func- 
tion, or the like, and, for convenient 
reference, lays down a special name for 
it” (7, p. 4). 

Nominal definitions are always con- 
ventional since they are rules for the 
use of language involving a stipulation 
that a definiendum be synonymous with 
a definiens. However, once the defini- 
endum is so defined that instances of it 
can be readily identified, it may func- 
tion in other contexts as an explanatory 
or factual concept. Thus if we sup- 
pose the mathematical statement © 
Hull’s postulate 4 (10, p. 178) to be 2 
nominal definition such that Æp func- 
tions as a synonym for M (J —¢*” 
ee" (L— e”), it is not the case that 
sHp also functions analytically in the 
other postulates of the system. On the 
contrary, all other appearances of sn 
are factual, and so when it occurs as 4 
variable in the formula for excitatory 
potential (sEp), it must possess de- 
notative Meaning. In a word, whi 
formula in the system is taken as de- 
fining the term may be arbitrary, but 
once so defined, the other instances are 
strictly factual. Except for the classes 
of logical terms noted, no other sig- 
nificant term in an empirical theory oF 
system of laws always functions ana- 
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lytically or without denotative meaning; 
le, no term for which independent cri- 
teria of application exist is analytic in 
every context whatsoever. 
_ A term may be said to have meaning 
1n a number of senses or modes. (a) A 
term denotes ostensively when it refers 
to a determinate particular and exten- 
sively when it refers to a determinate 
Class where assertions about the par- 
ticular or class are true or where these 
exist. (b) A term connotes in four 
Ways: (i) the conventional connotation 
of a term consists in stipulations con- 
cerning its proper usage in discourse, 
le., that meaning which is generally ac- 
Cepted as fixing reciprocity of under- 
Standing or ascertaining whether any- 
thing is an instance of the term; (ii) 
e intensional connotation of a term 
Consists in the range of terms or propo- 
ees implied by that term; (iii) the 
Jective connotation of a term is com- 
pee of the range of properties or 
Of acteristics common to the universe 
Eo tin the term denotes; (iv) the 
Sige connotation of a term con- 
with in all the other terms associated 
na the term by the user or the cri- 
rion he might entertain respecting its 
Usage 2 
. Viewed from the standpoint of this 
analysis of meaning, it becomes obvious 
that the conventional connotation of 
8H» does not exhaust its full meaning, 
and that even while the term may func- 
tion analytically in one context of in- 
quiry, to be empirically significant it 
Must be capable of functioning factually 


2 Whi tated, this outline is suff- 

A ile roughly $ ? 

ciently r for our purposes here. The 

Our ee f connotation are not unrelated. 
‘a ies ae meaning, the conven- 

tig 3 sional senses Of connotation 

nal and inten: Again, the 


jective conno! be noted that a term’. 
of the others. It maY > 


Ce cs ota 
age ventional corgefinition- Clearly, these do 
operati! 
he 


A meaning of a term (see 6). 
ausi 
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in other contexts. And at least in these 
other contexts, the term will not func- 
tion as a synonym but rather factually, 
i.e., with denotative meaning. 

If logico-mathematical signs and fic- 
tive terms exhaust the range of nonfac- 
tual or nondenotative terms, and if in- 
tervening variables are neither of these, 
they are either nonsense or else they do 
possess denotative significance. Were 
they nonsense, it is inconceivable that 
they could perform any role in scien- 
tific inquiry. The fact is that the at- 
tribution of a number implies a meas- 
urable parameter and only things, prop- 
erties, and relations can be counted or 
measured. While some things which 
do not or cannot exist can be conceived 
as measurable or countable, we have 
already excluded fictions as the refer- 
ences of intervening variables. Ac- 
cordingly, since MacCorquodale and 
Meehl admit that intervening variables 
can be measured, it follows that they 
do possess denotative meaning. And 
this conclusion is in line with the in- 
terpretation of intervening variables al- 
luded to, namely, that they are terms 
whose definition is given by the laws in 
which they occur, which they imply, or 
which they presuppose.* 


ARE INTERVENING VARIABLES 
Disposition TERMS? 


MacCorquodale and Meehl cite the 
concept of resistance as a physical in- 
stance of intervening variables thereby 
identifying them with dispositional con- 
cepts as characterized by Carnap (4). 
However, even while MacCorquodale 
and Meehl profess to mean exactly what 
Carnap means by dispositional concept, 


3 Bergmann (2) has also maintained, on 
somewhat different grounds, that intervening 
variables and hypothetical constructs cannot 
properly be distinguished on the issue of de- 
notative meaning. However, he concludes 
that owing to this, they cannot be distin- 
guished on any grounds whatsoever. 
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they depart from his analysis in crucial 
ways. 

“Resistance,” they argue, “is ‘opera- 
tional’ in a very direct and primitive 
sense” (14, p. 96). In contrast to hy- 
pothetical constructs, the entire mean- 
ing of intervening variables is exhausted 
by the sentences about them or is re- 
ducible to sentences about impressions. 
The impression conveyed is that a set 
of reduction sentences wholly determines 
the meaning of an intervening variable 
once and for all. However, if inter- 
vening variables are dispositional con- 
cepts, this is not the case. 

Carnap explicitly states that “a set of 
reduction pairs is a partial determina- 
tion of meaning only and can therefore 
not be replaced by a definition. Only 
if we reach, by adding more and more 
reduction pairs, a stage in which all 
cases are determined, may we go over 
to the form of a definition” (4, pp. 450- 
451). And it is doubtful whether such 
a stage can ever be actually realized at 
least with all such terms. That is, par- 
ticularly in the case of the more fertile 
dispositional terms in science, there is 
what Hempel calls an “openness of 
meaning” (7, p. 29) or an indeterminacy 
of application in respect to not-as-yet 
discovered possibilities. 

In contrast to MacCorquodale and 
Meehl’s supposition that intervening 
variables lack existential reference, Car- 
nap conceived of dispositional concepts 
as a kind of predicate which, in the 
“thing-language,” would mean that dis- 
positional concepts refer to real or fac- 
tual properties. According to Carnap 
and others who have analyzed the logi- 
cal status of dispositional concepts (3, 
5, 9), terms like resistance and siz 
refer to existences in a sense not radi- 
cally different from such terms as “‘ta- 
ble” and “electron.” 

By disposition we mean to refer to 
such properties in the world as become 
differently manifest, in predictable ways, 
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depending upon the complex of causal 
factors to which they are subjected. 
Corresponding to alterations in _the 
causally effective context, the manifest 
aspect of the disposition may vary) 
whether in quality or quantity, within 
a determinate range of possibility. It 
is this range which comprises the p0- 
tency of an entity so distinguished. In 
virtue of the potency of things, they 
both change and endure in intelligible 
fashion. But in few if any cases C4? 
we rationally predict all the causal fac- 
tors which might conceivably influencé 
the manifest aspect or appearance char- 
acter of a dispositional property. There 
is little doubt that sH, denotes a dis- 
positional property. So far as it is # 
property of organisms to which we ™ 
fer, the question of existence is 2° 
simply confined to whether the equatio® 
for acquisition holds. Whether any Si 
ganism is capable of possessing any kin 
or degree of sHp is a factual issue 29 í 
thus one which is settled in terms © 
appropriate empirical evidence. There- 
fore, the question of whether s/n exists 
or not is no more trivial than any other 
such question posed in respect to any 
other entity or Property which can 
named. The introduction of an inte! 
vening variable is thus never merely ê 
matter of convenience even though oF 


convenience is served by such introduc 
tion. 


ARE INTERVENING Varrapies SIMPLY 
CONVENTIONAL? 

In their summary, MacCorquodale 
and Meehl conclude that “the only rule 
for proper intervening variables is th@ 
of convenience, since they have no fac- 
tual content surplus to the empiric 


a ; gitimate sets of interven- 
ing variables could be obtained by “yan 
TY groupings and combina- 


tions” of the relevant equations (p. 98)- 
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It is generally held that no concept in 
science is to be regarded as factually 
significant or as denoting a state of af- 
fairs in the world unless it has systema- 
tic purport, unless, that is, it is involved 
in other principles besides that for which 
it was invented or introduced. Ad hoc 
Concepts either undergo such enhance- 
ment of purport or else they are counted 
Spurious or empty and are discarded. 
Because such enrichment in the meaning 
A any concept must always be expected, 
oT ee ane must provide 
A is possibility in allowing that no 
hoe can receive a final and full ex- 
Soe ae on the basis of its present func- 
iy se inquiry or the existing evidence 
oe E it is supported. This open- 
ale of meaning implies that there is 
i “ea an indeterminate range of fac- 
al content implicit in any significant 
Concept, 
a A brief account of some scientific his- 
pry: will illustrate this point. At the 
ee of this century, Planck, con- 
a ed to explain certain discrepancies 
eit classical theory and experi- 
E ally observed facts of incandes- 
a and radiation, postulated a new 
Versal constant of nature which he 
Called 4. The principles containing this 
Constant imply that emission and ab- 
Sorption processes both occur discon- 
tinuously, being in the nature of jumps 
of finite magnitude. Although herald- 
ng a great revolution in scientific 
thought, a prominent reason why 
Planck’s theory initially met with a 
skeptical reception and could not rightly 
e accepted with studied confidence was 
the limited domain of applicability of h, 
or its poverty of factual bearings. 
However, a few years later Einstein 
formulated a law for the kinetic energy 
Jectron in the photoelec- 
tric phenomenon which required hasa 
constant of proportionality. Since then, 


h has been employed in a variety of 
contexts and now not only furnishes the 


of an ejected € 


basis for explaining the intensity of 
radiation and the wave length for which 
it represents a maximum (and for which 
it was originally formulated), but also 
for interpreting the quantitative rela- 
tions existing in many other cases, 
namely, to cite a few, the specific heat 
of solids, the photochemical effects of 
light, the orbits of electrons in the atom, 
the wave lengths of the lines of the 
spectrum, the frequency of the X rays 
produced by the impact of electrons of 
given velocities, the velocity with which 
gas molecules can rotate, the distances 
between the particles which make up 4 
crystal, and others. 

In short, concepts which are formu- 
lated to explain a given limited subject 
matter may prove applicable in other 
spheres and it is this which certifies their 
significance or systematic utility (cf. 7, 
pp. 52-54). In the case of Planck’s 
quantum theory, the relevance of 4 in 
a variety of situations means, in the 
words of D’Abro, that the theory “can- 
not be regarded as a mere makeshift 
devised for the sole purpose of inter- 
preting the law of equilibrium radiation. 
We must recognize therefore that the 
quantum theory has uncovered a new 
world of physical occurrences, a world 
formerly unsuspected” (1, p. 471). 

Now it might be a permissible con- 
vention to hold that so far as a con- 
cept applies only to the area for which 
it was formulated it is an intervening 
variable, but as it becomes relevant to 
other, previously independent, subject 
matters, it acquires the status of a hy- 
pothetical construct. However, it is 
not clear what value would come of this 
convention, especially since it would 
present problems such as fixing the point 
at which the conversion may be said to 
have occurred. 

In similar vein, it often happens that 
a concept defined in terms of a certain 
law is rendered more precise and general 
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in being amplified by a higher-level law 
or theory. The concept of resistance, 
conceived as an intervening variable by 
MacCorquodale and Meehl, is a case in 
point. Defined in terms of Ohm’s law, 
resistance is a constant whose value is 
the ratio of voltage and current, a linear 
function. The term denotes that prop- 
erty of conductors which determines the 
amount of current which will flow when 
a given amount of voltage is impressed. 
However, it turns out that Ohm’s law is 
inadequate in the case of such conduc- 
tors as gas tubes, where, if the voltage 
reaches beyond or below a certain range, 
resistance no longer remains a constant, 
ie., the slope of the curve gradually 
flattens. Here resistance becomes a 
function of other factors not provided 
for in Ohm’s law, e.g., the field effects 
of electron clouds. 

It is not the case, then, that Ohm’s 
law exhausts the meaning of “resist- 
ance” nor is it the case that in being 
incorporated within higher-level laws, 
the term acquires denotative Properties 
which it previously lacked entirely. It 
must always be realized that with new 
discoveries or new theoretical formula- 
tions, the meaning of any concept may 
be revised, refined, or broadened in 
being incorporated within new relation- 
ships. And it is precisely this applica- 
tion to and corroboration by diverse, 
independent domains that reinforces our 
confidence in a concept’s factual sig- 
nificance. 

The concept gHr appears to fulfill 
these requirements since it has been ap- 
plied to such prima facie diverse areas 
as the learning of nonsense syllables, 
mazes, etc., and the development of per- 
sonality and neurotic symptoms, and to 
all the high-level mental functions of 
humans. In fact, it is in virtue of the 
capacity of sH,p to be differently spe- 
cialized in different areas of application 
that may make Hull’s system qualify as 


a theory in the sense outlined* Ac- 
cordingly, postulate 4 does not exhaust 
the meaning of sHp, and, if anything, 
the term denotes a dispositional prop- 
erty of organisms and this is something 
real or true about certain organisms 
and, in turn, the world. 

If the foregoing arguments are cor- 
rect, it follows that so far as interven- 
ing variables are to be counted as fac- 
tually significant, they are not merely 
names for arbitrary combinations of em- 
pirical equations. In the first place, 2° 
empirical equation can be manipulat 
in every logically possible way and be 
expected to yield statements, all of 
which are empirically significant or 
scientifically useful. Many legitimate 
logical or mathematical operations are 
proscribed because the results would be 
absurd or completely useless. For eX 
ample, in multiple-factor analysis, it i 
logically possible to rotate the axis in 22 
infinite number of ways, yet, aside from 
the logical requirement that uniqueness 
and simple structure be attained, there 
is the empirical requirement that the r0- 
tation accord with theoretical or factual 
considerations, Again, the curves by 
which a functional law might be repre 
sented graphically are rarely (if ever) 
extended in all Possible directions n0" 
are all the branches exploited. The 
reason is that such extrapolations woul 
either have no empirical significance OY 
else would contravene fact or other 
principles. 


* Whether Hulp: 
in the sense out 
many of the for, 


S system actually is a theory 
ane is problematic. ge 
mulae j ur 

fitting, and second, it is tor trom being the 
kind of rigorous deductive system as are tbe 
physical theories cited. The fact that si 
can be defined in experimental terms (as IP 
The. formuli: fon acquisition) is not atypica 
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Biers, in constructing theories, 
Maa f of postulation is the most re- 
e insurance against inconsistency. 
ths mean by theoretical simplicity that 
ae of independent factors, 
eld i les, principles, or variables be 
ein: a minimum compatible with the 
fo level of penetration desired of 
ffodu “nas A new concept may be in- 
kot ced into a system only if it does 
eo redundant conclusions or 
its in ia inconsistencies, and only where 
ines usion will enhance the predictive 
Sion o the theory. Whether Mac- 
t a ale and Meehl’s suggested con- 
fula sani reinforcement would 
noted €se requirements and the others 
thën previously is not demonstrated by 
with (although it appears to coincide 
i on restatements of his position 
cepi m [11]). At any rate, if this con- 
tòr S to be included within Hullian 
matin it would not be an arbitrary 
And if or simply one of convenience. 
ing eo it would denote some- 
exist, out organisms, something which 
ka a o ip than being simply a name 
nothin aa and thus referring to 
always ut itself. In brief, there are 
consid methodological and empirical 
ing ent ge which proscribe attach- 
ee ee ee to all possible 
Bue ormaattiogs of equations or group- 
hot ii: variables. Logical validity is 
5 entical with factual truth or sig- 
nificance, 
oe Jast historical point is in order. 
ie big difficulty in establishing the 
nee of blood circulation was the 
te nce of any visible connections be- 
be io the terminal arteries and the 
of s. Harvey postulated the existence 
ES capillaries, but it was only after the 
ee was considerably improved 
at these were actually observed as 
Teal. In similar manner, to explain his 
experimental results, Mendel postulated 
hereditary units which only recently 
haye been microscopically and chemi- 
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cally identified as genes or real entities. 
Even while the advent of new confirma- 
tory evidence increased the probability 
of these hypotheses, it did not result in 
the conversion of something Jacking “a 
surplus meaning which is existential” 
into something possessing such “mean- 
ing.” The relation between evidence 
and a hypothesis is logical and not 
predicative. 


VARIABLES 


If our criticisms are correct and 
justified, much of the rationale behind 
MacCorquodale and Meehl’s distinc- 
tion between intervening variables and 
hypothetical constructs is untenable. 
While upholding the distinction itself, a 
sounder rationale is suggested by the 
logical differences between empirical 
laws and theories. An intervening varia- 
ble would refer to any concept whose 
definition is provided by laws or a set 
of laws whereas a hypothetical construct 
would refer to any concept whose defini- 
tion is provided within a theoretical sys- 
tem. [Intervening variables or law-like 
concepts would thus be distinguished in 
being introduced by experimental or 
operational procedures whereas hy- 
pothetical constructs or theory-like con- 
cepts would be distinguished in being 
introduced by postulational procedures, 
e.g, by interpreting the primitive ap- 
paratus of a formal calculus. Because 
they are more intimately associated 
with observation terms, intervening 
variables are introduced either via ex- 
plicit or conditional definitions based 
upon invariable associations, functional 
relations, or causal involvements ob- 
taining among entities or processes, 
among these and their properties, or 
among the properties themselves. Ex- 
plicit definitions are usually of the form 
X= def. Y often considered nominal 
or analytic. Conditional definitions in- 
volving reduction chains are necessary 
for introducing dispositional terms and 
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take the form if X is at p, then X is q if 
and only if X is r (see 4 and 7 for de- 
tails). 

The differences in logical status be- 
tween intervening variables and hy- 
pothetical constructs are therefore based 
upon the differences between laws and 
theories. Accordingly, whatever char- 
acteristics distinguish laws and theories 
attach to intervening variables and hy- 
pothetical constructs as well. Many 
of MacCorquodale and Meehl’s remarks 
fit in with this rationale. 

Understood in this way, the rela- 
tions between intervening variables or 
hypothetical constructs on the one hand, 
and independent or dependent variables 
on the other, become a function of prob- 
lematic context. Rather than describ- 
ing an absolute logical or meaning 
property of the terms so characterized, 
the distinction reduces to a matter of 
how equations are expressed or what 
facet of the inclusive psychological state 
of affairs is being inquired into or pro- 
jected as problematic. To understand 
how a sensory complex issues in a re- 
sponse may require reference to inter- 
vening processes and any law adum- 
brated for this purpose may consist in 
three differentiable components, an in- 
dependent variable, an intervening 
variable, and a dependent variable. 
But what functions as an independent 
variable in one context may function 
as an intervening variable or a depend- 
ent variable in another. If it is the 
sensory complex as such that we are 
concerned with, then the stimulus object 
may constitute the independent varia- 
ble and the sensory complex the de- 
pendent variable. What might, under 
some circumstances, constitute an in- 
tervening variable, e.g., a neural proc- 
ess, may be an independent or depend- 
ent variable in, e.g., a physiologically 
oriented inquiry. $ 

In general, intervening variables 
(whether these be law-like or theory- 
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like) are introduced for either of two 
reasons: (a) without such an introduc- 
tion, explanation may be insuperably 
partial or prediction inexact or (b) with- 
out such an introduction, explanation 
may be extremely cumbersome and re- 
quire a host of disjoined ad hoc adjust- 
ments to be kept up to date. Thus, tO 
achieve systematic elegance or a deepet 
and more precise understanding of sub- 
ject matter, the introduction of inter- 
vening variables or hypothetical con- 
structs may be essential. The test for 
their appropriateness or correctness has 
been stated quite often. In essence it 
consists in (a) the possibility, not otber- 
wise realizable, of generating new 2” 

ever more precise conclusions out of 3 
set of laws or a theory and experimen 
tally corroborating these and (b) dem- 
onstrating a logical coherence among 
the principles or concepts of the system- 
It is these requirements which Hull bas 
often described as the secure anchor- 
ing of intervening variables on both sides 
to observable and measurable condi- 
tions or events (10, p. 22), This “a0 
choring” is both a logical and an em 
Pirical or evidential affair, Incidentally, 
Hull’s choice of the “anchor” metaphot 
is most apt: if the anchor be taken 45 
observation and mensuration sentences: 
and the ship as the theory, it follows 
that the two are not identical or intet- 
changeable and that there are different 
degrees of “security.” 

One last point needs to be made. I” 
contrast to the position maintaine 
here, certain writers, e.g., Kendler (12) 
and Marx (15), have either repudiat 
the distinction between intervening 
variables and hypothetical constructs °F 
deprived it of logical significance. Like 
other orthodox Operationists, they have 
offered a monolithic point of view iD 
its stead. According to them, only iP- 
tervening variables are to be encouraged 
or permitted into the corpus of mature 
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HYPOTHETICAL CONSTRUCTS AND 


Science since hypothetical constructs are 
Tegarded either as metaphysical hy- 
Postatizations and thus “meaningless” 
or as transitional crutches at best. In 
fixing upon certain of MacCorquodale 
and Meehl’s arguments concerning the 
Supposed purely conventional, denota- 
tive-less status of intervening variables, 
Kendler and Marx have ignored or mis- 
read the valid arguments raised in sup- 
Port of hypothetical constructs as de- 
Noting. One reason for this misreading 
May stem from the lack of clarity in 
MacCorquodale and Meehl’s paper, but 
e main reason must be attributed to 
a severe nominalistic bias. At any rate, 
the whole tenor of this paper and the 
One previously referred to (6) renders 
a more detailed examination of Kend- 
let’s and Marx’s views unnecessary. 


SUMMARY 


Two basic questions were raised: (a) 
Are there significant logical differences 
between intervening variables and hy- 
Pothetical constructs? (b) Are these cor- 
rectly conceived by MacCorquodale and 
Meehl? The reply to the first question 
Was made by pointing out that the differ- 
ences relate to those distinguishing em- 
Pirical laws from theories. The reply 
to the second question was made by 
Pointing out certain ambiguities and 
Misconceptions in MacCorquodale and 
Meehl’s thesis, the most prominent of 
Which was the assumption that inter- 
ame variables were simply conven- 
‘onal and without denotative meaning. 
T uring the course of this critical analy- 
1S, the senses or modes of meaning, the 
TEN of disposition concepts, the func- 
a n, and character of abstract terms, 
nd the kinds and functions of variables 
Were touched upon. 
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SOME VIEWS ON MATHEMATICAL MODELS AND 
MEASUREMENT THEORY? 


C. H. COOMBS, H. RAIFFA,? AND R. M. THRALL 
University of Michigan 


We shall undertake first to review 
the role of mathematical models in a 
science and then briefly discuss the 
models used in classical measurement 
theory. This will be followed by a 
generalization of measurement models. 
Illustrations will be introduced when 


needed to clarify the concepts dis- 
cussed. 


THE ROLE OF MATHEMATICAL 
MoDELs 


We shall use the terms physical 
objects, real world, and object system 
synonymously to signify that which 
the empirical scientist seeks to study, 
including such objects as opinions or 
psychological reactions. The scope 
and content of a domain is selected 
by the scientist with the intent of 
discovering laws which govern it, of 
making predictions about it, or of con- 
trolling or at least influencing it. 

There are potentially at least as 
many ways of dividing up the world 
into object systems as there are sci- 
entists to undertake the task. Just 


1 This paper is a chapter in a forthcoming 
book, Decision Processes, edited by C. H. 
Coombs, R. L. Davis, and R. M. Thrall, pub- 
lished by John Wiley and Sons, Inc. It is 
an outgrowth of a number of sessions on meas- 
urement theory in an interdisciplinary seminar 
on the application of mathematics to the 
social sciences held during the academic year 
1951-1952 by Drs. Coombs, Raiffa, and 
Thrall. While the influences of the separate 
authors are sometimes distinguishable, the 
paper is a truly joint product. The authors 
are listed alphabetically. This research was 
carried out under Office of Naval Research 
Contract Nonr 374 (00) NR 041-011 and a 
Ford Foundation Behavioral Studies grant. 

2 Dr. Raiffa is now at Columbia University- 


as there is a potential variety of 
object systems, so also is there & 
potential variety of mathematical sys- 
tems. Let us describe the nature of a 
mathematical system :3 A mathemati- 
cal system consists of a set of asser- 
tions from which consequences are 
derived by mathematical (logical) ar- 
gument. The assertions are referre 
to as the axioms or postulates of a 
mathematical system. They always 
contain one or more primitive terms 
which are undefined and have n° 
Meaning in the mathematical system- 
The axioms of the mathematical sys- 
tem will usually consist of statements 
about the existence of a set of ele- 
ments, relations on the elements, prOP” 
erties of the relations, operations 08 
the elements, and the properties of the 
Operations. Particular mathematica! 
systems differ in the particular postu- 
lates which form their bases. It 15 
evident then that the variety of mathe- 
matical systems is limited only by the 
ability of man to construct them. 
Our view of the role that mathe- 
matical models play in a science is 
illustrated in Fig. 1. With some seg- 
ment of the real world as his starting 
point, the Scientist, by means of 2 
Process we shall call abstraction (A) 
maps his object system into one of the 
mathematical Systems or models. BY 
mathematical argument (M) certain 
mathematica] conclusions are arrive 
at as necessary (logical) consequences 
of the postulates of the system. The 
mathematical Conclusions are then 
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converted into physical conclusions by 
o we shall call interpretation 

Let us start with a specific real- 
world situation (RW), and by process 
A map it into a mathematical system 
(MS);. We can look at (MS): as a 
model of (RW); Looked at in re- 
verse, we can start with consideration 
of (MS); and then (RW); can be 
viewed as a model of (MS), and the 
process of going from (MS): to (RW), 
we call “realization.” Thus, “reali- 
zation” is the converse of “abstrac- 
tion.” Now, given (MS), we might 
be able to find a real-world situation 
(RW): such that by assigning mean- 
ings to the undefined terms of the 
mathematical system,” the “assertions 
about “sets of elements,” “relations,” 
and “operations” in (MS), become 
identified with objects or concepts 
about (RW)» That is, (RW): may 
be another model of (MS):, and the 
Process of going from (RW): to (MS); 
to (RI), often indicates subtle analo- 
gies between systems such as (RW): 
and (RW): To the mathematician 
who often starts with an abstract sys- 
tem the model is a concrete analogue 
of the abstract system. To the social 
Scientist who starts with phenomena 
in the real world the model is the 
analogue in the abstract system. 

In establishing a model for a given 
object system one of the most difficult 
tasks is to attempt a division of the 
Phenomenon into two parts; namely 
that part which we abstract (A) into 
the basic assumptions or axioms of the 


vhematical 

—o ee 
| aneii 
experiment (T) ar w 


The symmetrical roles of 


Fic. 1. | 
experiment and mathematics 
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abstract system, and that part which 
we relegate to the physical conclusions 
and which we reserve as a check 
against the interpretations from the 
abstract system. In a given object 
system there is no unique partition of 
the phenomena, and which partition 
is made depends on the creative imagi- 
nation of the model builder. Indeed, 
there are models in the physical and 
biological sciences for which there are 
no experimentally verified or verifiable 
correlates in the real world for the 
undefined terms, relations, and opera- 
tions in the abstract model. A'similar 
situation prevails on the side of the 
abstract system; i.e., it is often pos- 
sible in a given abstract system to 
interchange the roles of certain axioms 
and theorems. Thus, in a given sys- 
tem there is no unique method of 
splitting the mathematical proposi- 
tions into axioms and theorems. In 
going from the abstract system to the 
object system we have the parallel 
processes of realization and interpre- 
tation. It is quite common to con- 
sider these synonymous; however, we 
prefer in this discussion to reserve the 
word “interpretation” for the process 
which maps the mathematical conclu- 
sions (rather than the axioms) into 
the object system. 

Let us summarize briefly up to this 
point. Beginning with a segment of 
the real world, the scientist, by an 
entirely theoretical route, has arrived 
at certain conclusions about the real 
world. His first step is a process of 
abstraction from the real world, then 
a process of logical argument to an 
abstract conclusion, then a return to 
the real world by a process of inter- 
pretations yielding conclusions with 
physical meaning. But there is an 
alternative route to physical conclu- 
sions and this is by way of working 
with the object system itself. Thus, 
the scientist may begin with the real- 
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world segment in which he is inter- 
ested and proceed directly to physical 
conclusions by a process of observation 
or experiment (T). 

The path (T) (experimentation) 
from the real world to the physical 
conclusions needs further scrutiny. 
Usually in theory construction the 
scientist embarks on model building 
after he has many facts at his disposal. 
These facts he partitions into two 
parts—one part serves as a spring- 
board for the abstraction process (4); 
the other part serves as a check on the 
model by making comparisons with 
these initial facts and the interpreta- 
tions (I) stemming from the model. 
If a specific interpretation is not at 
variance with a fact in the initial 
reservoir, but at the same time not 
corroborated by our a priori notions of 
the object system, then the model per- 
haps has contributed to our knowledge 
of the object system. The scientist 
next tests this tentative conclusion 
by setting up a plan of experimental 
verification, if this is possible. Often 
direct verification may not be possible, 
and corroboration stems from exami- 
nation of experimental evidence which 
supports claims of the model quite 


experi- 
mental 


observa- 
tions 


theo- 
é Teal retical > 
abstrac- world abstrac- 
tion (Ay) tion (A)) 


x dichotomization 


oi 
xn a priori facts 


indirectly. That is, motivated by 
interpretations of the model, the SCI 
entist sets up an experimental design, 
obtains observations by exper imenta- 
tion, makes a statistical interpretano 
of these observations into physical 
conclusions, and compares the conclu- 
sions with those of the abstract route 
in order to appraise the model. A 
suggested by Frederick Mosteller* © 
Harvard University, it would be ap- 
propriate to generalize Fig. 1 as shou 
in Fig. 2. The route AEI in Fig. 
is summarized by the route T in Fig. i 
If the physical conclusions of the Pe 
ess AıMI, are at variance with t 3 
a priori facts or with conclusions aA 
rived at via AEI, (and if more con 
fidence is placed in the experimen 
route than in the theoretical roua 
then the suitability of the mode! 
suspect. n 
The task of a science looked at 1” 
this way may be seen to be the a 
of trying to arrive at the same conc z 
sions about the real world by per 
different routes: one is by experimen, 
and the other by logical arguments 
these correspond, respectively, to t 


‘Personal communication. 
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tation (1) 


appraìsal 


Fic. 2. A generalization of Fig. 1 
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left and right sides of Fig. 1 and 2. 
There is no natural or'necessary order 
in which these routes should be fol- 
lowed. The history of science is re- 
plete with instances in which physical 
€xperiments have suggested axiom 
Systems to the mathematicians and, 
thereby, contributed to the develop- 
ment of mathematics. On the other 
hand, mathematical systems devel- 
Oped under such stimulation, in turn, 
ave suggested experiments. And 
there have been many instances of 
mathematical systems developed with- 
Sut reference to any known reality 
which subsequently filled a need of 
theoretical scientists. The direction 
that mathematics has taken is in con- 
Siderable part due to its interaction 
With the physical sciences and the 
Problems arising therein. 

It is illuminating here to observe 
the way in which the models of the 
Mathematical theory of probability 
and statistics fit this picture. As in 
any abstract system, the mathemati- 
a theory of probability is devoid of 
ee. real-world content; and as in any 
H her mathematical system, theaxioms 
4 _ Probability specify interrelation- 
i Ips among undefined terms. It is 
ommon to let the notion of proba- 
aiy itself be undefined and to at- 
ere to capture in the axiomatic 

Tucture properties of probability 
Motivated by the interpretations we 

ave in mind (e.g., gambling games, 
Processes of physical diffusion, etc.). 
iven an association of probabilities 
to Prescribed elementary sets, the 
axioms of probability dictate how one 
Must associate probabilities with other 
Sets. How we make these preliminary 
associations, provided that we have 
Consistency, is not relevant to the 
Purely abstract system. — When we 
come to apply the probability model, 
we are confronted with the problem 
of identifying real events with abstract 
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sets in the mathematical system and 
the measurement problem of associ- 
ating probabilities to these abstract 
sets. Experience has taught us that 
if we exploit the notion of the relative 
frequency of occurrence of real events 
when making our preliminary associa- 
tions, then the interpretations from 
the model have a similar frequency 
interpretation in the real world. To 
be sure, our rules of composition in 
the formal system were devised with 
this in mind. We associate proba- 
bilities in one way rather than another 
in the process A so that when we 
generate A MT, our interpretations are 
in “close” accord with results of ex- 
perimentation, T, when T is possible. 
When T is not possible we have to 
rely to a great extent on analogy. 

An extremely important problem of 
statistics can be viewed as follows: 
For a priori reasons we may have a 
well-defined family of possible proba- 
bility associations. Each element of 
this family, when used in the abstrac- 
tion process A, generates by AMI 
a probability measure having a fre- 
quency interpretation over real events. 
In addition, we are given a set of 
possible actions to be taken. Prefer- 
ences for these actions depend in some 
way on the relative “appropriateness” 
of different probability associations in 
the abstraction process, A. By con- 
ducting an experiment, T, and noting 
its outcome we gain some insight into 
the relative “appropriateness” of the 
different probability associations and 
thus base our action accordingly. 
Variations of this problem, which in- 
volves the entire AMTI-T process, have 
been abstracted sufficiently so that 
models of mathematical statistics in- 
clude counterparts of all these ingredi- 
ents within the mathematical system 
itself. 

In a given model we may be con- 
fronted with the problem of deciding 
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whether the AMI argument gives re- 
sults “close enough” to the experi- 
mental results from T. We often can 
view this problem involving a com- 
plete A MI-T process as the real-world 
phenomenon to which we apply the 
A process, sending it into a formal 
mathematical statistics system. The 
statistics system analyzes step M, and 
our interpretation I takes the form of 
a statement of acceptance or rejection 
concerning the original theory. 

The process of measurement, cor- 
responding to A in Fig. 1, provides 
an excellent illustration of the role 
of mathematical models. There are 
many types of observations that can 
be called “measurement.” Perhaps 
the most obvious are those made with 
yardsticks, thermometers, and other 
instruments, which result immediately 
in the assignment of a real number to 
the object being measured. In other 
cases, such as the number of correct 
items on a mental test or the size of 
a herd of cattle, the result of measure- 
ment is a natural number (positive 
integer). In still other cases, such as 
relative ability of two chess players, 
relative desirability of a pair of pic- 
tures, or relative hardness of two sub- 
stances, the result is a dominance (or 
preference) relation. We might even 
stretch the concept of measurement 
to include such processes as naming 
each element of some class of objects, 
or the photographic representation of 
some event, or the categorization of 
mental illnesses or occupations. 

The process of measurement may 
be described formally as follows. Let 
P ={ pi, pa, +++} denote a set of physi- 
cal objects or events. By a measure- 
ment A on P we mean a function 
which assigns to each element p of P 
an element b = A (p) in some mathe- 
matical system B = {bı, ---}. That 
is, to each element of P, we associate 
an element of some abstract system B 
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(the process A of Fig. 1). The sys- 
tem B consists of a set of elements 
with some mathematical structure m 
posed on its elements. The actua 
mapping into the abstract space 
comprises the operation of measure- 
ment. The mathematical structure 0 
the system B belongs to the ote 
side of measurement theory. T 
structure of B is dictated by a set % 
rules or axioms which states relation- 
ships between the elements of 
However, no connotation can be given 
to these elements of B unless it is ©&® 
plicitly stated in the axioms; i.e., thet" 
labels are extraneous with respect t° 
considerations of the structure of 2: 
After making the mapping ae 
into B, then one may operate with e 
image elements in B (always abida 
by the axioms, process M of Fig. +: 
Purely mathematical results obtaine 
in B must then be interpreted back ut 
the real world (the process J of Fig. 
to enable one to make predictions 0” 
to synthesize data concerning set +: 
If the manifestations of P (as 2 
result of the process T of Fig. 1) are 
in conflict with the results of process 
obtained from B, then one must seare 
for a new cycle AMI. _ Suppose that 
we have a family of abstractions {4e 
from the given situation P, and sup” 
pose that Ma, Ia complete the cycle 
begun with A,. Among all of the 
available cycles AaMala we seek ones 
say AoMolo, which is “closest” to 
according to some criterion. Some 
models have a criterion built in t° 
judge closeness, and others of a more 


deterministic nature require an exact 
fit. 


The process T represents the experi- 
mental or operational part of model 
building; the process M represents the 
formal or logical aspect. The proc- 
esses A and J are really the keys to the 
model and serve as bridges between 
experiment and formal reasoning. 
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It might be well here to draw clearly 
the distinction between a model and 
atheory. A model is not itself a the- 
ory; it is only an available or possible 
or potential theory until a segment of 
the real world has been mapped into 
it. Then the model becomes a theory 
about the real world. As a theory, it 
can be accepted or rejected on the 
basis of how well it works. As a 
model, it can be right or wrong only 
on logical grounds. A model must 
satisfy only internal criteria; a theory 
must satisfy external criteria as well. 

An example of the distinction be- 
tween models and theories lies in the 
domain of measurement. A measure- 
ment scale, such as an ordinal, inter- 
val, or ratio scale, isa model and needs 
only to be internally consistent. As 
soon as behavior or data are “meas- 
ured” by being mapped into one of 
these scales, then the model becomes 
a theory about those data and may be 
tight or wrong. Scales of measure- 
ment are only a very small portion of 
the many formal systems in mathe- 
Matics which might serve as image 
Spaces or models, but will be discussed 

ere as they constitute very simple 
and immediate examples of the role of 
Mathematical models. First to be dis- 
Cussed will be the models of conven- 
tional measurement theory, and then 
a generalization of these models will 
© presented. 


MatuematicaL Mopets oF CLASSI- 
CAL MEASUREMENT THEORY 


_ The first comprehensive classifica- 
tion of the mathematical models used 
in conventional measurement theory 
was made by Stevens (9). He classi- 
ed scales of measurement into nomi- 
hal, ordinal, interval, and ratio scales, 
the latter two christened by him. A 
More complete discussion of these 
Scales is contained in a later work by 
him (10), and also in Coombs (3, 5) 
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and Weitzenhoffer (11). Because of 
the available literature on these scales 
and because they constitute a re- 
stricted class of models, they will be 
briefly summarized here only to pro- 
vide a basis for generalization in the 
next section. 

The mathematical model of meas- 
urement is said to be nominal if it 
merely contributes a mapping Ao of P 
into Mo without imposing any further 
structure on Mo. A nominal scale M 
may be subjected to any 1-1 transfor- 
mation without gain or loss in infor- 
mation. 

An ordinal scale of measurement is 
implied if there is a natural ranking of 
the objects of measurement according 
to some attribute. More precisely, 
the ordinal scale is appropriate if the 
objects of measurement can be parti- 
tioned into classes in such a manner 
that (a) elements which belong to the 
same class can be considered equiva- 
lent relative to the attribute in ques- 
tion; (b) a comparative judgment or 
an order relation can be made between 
each pair of distinct classes (for ex- 
ample, class x is more __ than class 
y); (c) there is an element of consist- 
ency in these comparative judgments 


—namely, if class x is more than 
class y and class y is more than 
class 5, then class x is more than 


class z (that is, the comparative judg- 
ment or order relation is transitive). 
For example, the familiar socioeco- 


nomic classes, upper-upper, lower- 
upper, upper-middle, lower-middle, 


upper-lower, and lower-lower, imply 
the measurement of socioeconomic 
status on an ordinal scale. The num- 
bers 1, 2, 3, 4, 5, 6, or 1, 5, 10, 11, 12, 
14, or the letters A, B,C, D, E, F 
could designate the six classes without 
gain or loss of information. 

The measurement is said to be an 
interval scale when the set M consists 
of the real numbers and any linear 
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transformation, y = ax +b (a = 0), 
on M is permissible. Measurement 
on an interval scale is achieved with a 
constant unit of measurement and an 
arbitrary zero. An example of an 
interval scale is the measure of time. 
That is, “physical events” can be 
mapped into the real numbers and all 
the operations of arithmetic are per- 
missible on the differences between all 
pairs of these numbers. 

If the set M consists of the real 
numbers subject only to the transfor- 
mation group y = cx where c is any 
nonzero scalar, the scale is called a 
ratio scale. Measurement on a ratio 
scale is achieved with an absolute zero 
and a constant unit of measurement. 
The scalar c signifies that only the 
unit of measurement is arbitrary. In 
a ratio scale all the operations of 
arithmetic are permissible. The most 
familiar examples of ratio scales are 
observed in physics in such measure- 
ments as length, weight, and absolute 
temperature. 


A GENERALIZATION OF MEASURE- 
MENT MODELS 


An axiomatic basis for certain scales 
of measurement will be presented in 
this section. Other scales can be gen- 
erated by forming mixtures (or com- 
posites) of these. Indeed, some of the 
scales listed in the diagram shown in 
Fig. 3 can be regarded as composites 
of others. 

We will now list defining axioms for 
each of these systems and briefly dis- 
cuss their roles. It is not claimed 
that this list is exhaustive; it is pre- 
sented to illustrate certain possibilities 
for significant generalizations of scales 
used in the classical theory. The 
arrangement in the diagram is from 
top to bottom in order of increasing 
strength of axioms; a connecting line 
indicates that the lower listed system 
is a special case of the higher one. 
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Nominal, Bo 


Relation, By 


a 


ive, Ba’ 
Antisymoetric, BY Transitive, 


Partial Order, By 


veax Order, By! 
Lattice, B4 baa! 


Vector Space, Bs: Simple Order, Bs 


Mixture Order, Bg 


Real Numbers, By 


Fic. 3. Measurement scales 

Bo, the nominal scale. A nominal 
scale, Bo, may be considered a ae 
matical system consisting merely 0! @ 
set of elements. We define the inde* 
of Bo to be the number of elements 1? 
Bo. (The index may be finite or i” 
finite.) 1 

Examples of segments of the rea 
world that are mapped into nomina 
scales are psychiatric classifications, 
job families, and disease types. 

The nominal scale, Bo, is the most 
primitive step in any system of meas- 
urement. The process of naming pê" 
titions a set into classes such that 
there is a relation of “equality” ws 
equivalence between pairs of elements 
from the same class, The nomin@ 
scale is fundamental since the process 
of discrimination is a necessary pre 
requisite for any more complex for™ 
of measurement, 

Bı, the relation scale. Perhaps the 
smallest step that may be taken tO 
strengthen this mathematical system 
1s to introduce a relation between some 
pairs of elements. In technical lan- 
guage, a relation R on a set B, is a set 
of ordered pairs (b, b’) of elements ° 
Bı. We write bR’ to indicate that 
(b, b’) is one of the Pairs included i” 
the relation R, and call the set Bı 2 
relation scale. Itis important to rec- 
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ognize that for R to constitute a very 
useful relation, not all possible pairs 
(b, b’) from B; can be included in the 
relation R. 

With some risk of misinterpretation 
or distortion, these concepts might be 
illustrated as follows. Consider a set 
of persons identified by a nominal 
scale, Bo. Let us now define the re- 
lation R on Bo to be “loves.” Thus 
R consists of the ordered pairs (a, b) 
for which, a loves b. 

The particular relation used here as 
an illustration is one whose mathe- 
matical properties are mostly nega- 
tive. We cannot conclude from @ 
loves b and b loves c that a loves c, 
or that b loves a, or that b does not 
love a. For example, if John loves 
Mary and if Mary loves Peter, it may 
well be that, far from loving him, John 
would like to see Peter transported to 
the South Pole. In the terminology 
to be introduced below, we would say 
that love is not symmetric, is not 
asymmetric, and is not transitive. 

Bs, the antisymmetric relation scale. 
A relation R on a set B is said to be 
antisymmetric if aRb and bRa together 
imply that a is identical with b. An 
example is the relation 2 for real 
numbers. A statement such as “‘pic- 
ture a is at least as good as picture ps 
illustrates an antisymmetric relation 
on a collection of pictures, provided 
that there are not in the collection 
two distinct pictures of equal merit, 
le., two pictures about which the 
Judge is indifferent. 

Closely connected to the concept of 
antisymmetry is that of asymmetry. 
A relation R on a set B is said to be 
asymmetric if aRb implies bR’a (where 
bR’a means that b is not in the relation 
R to a). The mathematical proto- 
type of asymmetry is the relation > 
for real numbers. Verbal forms for 
asymmetric relations include such 
statements as “picture a is better than 
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picture b,” or “player a beats player b 
in a game.” 

Antisymmetry and asymmetry are 
seen to be at the root of statements of 
comparison. These two classes of re- 
lations can be regarded as the most 
primitive types of order relations. At 
the opposite pole from these concepts 
is that of symmetry. A relation R is 
said to be symmetric if aRb implies 
bRa. For example, the relations “is 
a sibling of,” “is a cousin of,” and 
“Gs the same color as” are all sym- 
metric. 

If S is an asymmetric relation on a 
set B, we can obtain from it an anti- 
symmetric relation R by the defini- 
tion: aRb means either aSb or a = b. 
Conversely, if R is antisymmetric and 
we define aSb to mean aRb and a # b, 
then S is asymmetric. It is custom- 
ary to use the symbols <, 2 for anti- 
symmetric relations and to use <, > 
for the associated asymmetric rela- 
tions. 

Ba, the transitive relation scale. A 
relation R is said to be transitive if 
aRb and bRc imply aRc. In the physi- 
cal world, preference judgments which 
are not transitive are frequently re- 
garded as inconsistent or irrational. 
However, situations such as that of 
three chess players, each of whom can 
beat one of the other two, show that 
transitivity is not a requirement of 
nature. 

The chess player relation is anti- 
symmetric but not transitive. An ex- 
ample of a relation that is symmetric 
and transitive is given by a commu- 
nication system where each link is 
bidirectional; here aRb is given the 
meaning “there exists a chain of links 
starting with a and ending with b.” 
If the links are not required to be 
bidirectional, the relation is still tran- 
sitive but is no longer symmetric. 
Note that in this example it is quite 


possible to have aRa, i.e., a chain be- 
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ginning at a and ending at a. (This 
chain must have at least one element 
different from a.) 

The relation “a is the rival of b” 
(say as suitors of a particular girl) is 
symmetric and is almost transitive. 
If aRb and bRc, we can conclude aRe 
unless a = c; but we can hardly re- 
gard a as being his own rival. This 
type of relation arises frequently in 
studies of social structures. We say 
a relation R is quasi-transitive if aRb, 
bRe, and a =Æ c imply aRc. The sib- 
ling relation is also quasi-transitive. 
Of course, if R is quasi-transitive we 
can define a new relation S to be the 
same as R except that also aRb, bRa 
imply aSa. In some instances S is 
just as good a model as R, but in 
others the extension from R to S de- 
stroys the usefulness of the model. 

As an example consider the struc- 
ture matrix A = ||a;;|| of some society. 
Thus we set ai; = 1 if person i has 
direct influence on person j and set 
ai; = 0 otherwise. One must decide 
in accordance with the purpose of the 
investigation whether or not to set 
the diagonal element @;; equal to 0 or 
to 1. (The relation “i has direct in- 
fluence on j”’ is not transitive even if 
we take each a,;; = 1, but this example 
nevertheless illustrates the kind of 
problem involved in the contrast be- 
tween transitivity and quasi-transi- 
tivity.) 

If the relation aRb meant a “is 
higher in socioeconomic status than” 
b, and this required that a had more 
income and more education than b, 
then the relation R would be asym- 
metric and transitive. 

Ba, the partly ordered scale. A re- 
lation = which is reflexive,® antisym- 
metric, and transitive is called a partial 

5 A relation is reflexive if it holds between 
an element and the same element, symbolized 
aRa. For example, the relation = on num- 


bers is reflexive and the relation “in,the same 
family as” is reflexive. 
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order. If for some pair (a, b) neither 
of the relationsa = b nor b = a holds, 
we say that a and b are incomparable 
relative to =. In the case of a pref- 
erence relation, incomparability 1s not 
the same thing as indifference. £ 
call a set a poset (partly ordered sei) 
if there is a partial order relation de- 
fined on B. f 

If a 2b, we also write b £ 4; ! 
a 2 b and a = b, we write a > b Of 
b <a. d 

A partial order may be illustrate 
as follows. Suppose that on a mentai 
test no two individuals in a group Pa 
exactly the same items. Now le 
a = b symbolize the relation “a passe, 
every item b did and perhaps mor 
Then a > b means that “a passed 4") 
the items b did and at least one more X 
This poset reflects multidimension 
ality of the attributes mediating ™ 
test performance, and some interesting 
mathematical problems arise regar; 
ing the partial order as a “product 
of simple orders. The result is a 20" 
metric form of factor analysis we 
some of the same problems as fact? 
analysis (3). ¢ 

Next we consider the mental Vie 
example modified so as to allow t” 
possibility that two individuals @ ee 
b pass exactly the same items. es 
in the above notation we have @ = 
and b =a, but not b =a. Het 
= no longer gives a partial one 
However, if we define a $6 to pig 
a 2b and b 2a, it is not hard is 
show that if we identify individua $ 
with the same test performance ES 
= is a partial order relation. : 
alternatively, we could consider 2 a 
a partial order relation on the set 0 
possible test performances. It is cus- 
tomary to make such identifications 
and speak of a partial order as if it 
were actually on the initial set rather 
than on the identified classes or on the 
test results. 
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_ Another example of a partial order 
is implicit in the treatment of the 
comparative efficiency of mental tests 
on a “‘cost-utility” basis (1). “Cost” 
is the fraction of potentially successful 
People who are eliminated by a test; 
utility” is the fraction of potential 
failures who are eliminated by the test. 
If for their respective cutting scores 
One test has a higher utility and a 
lower cost than another it is a superior 
test, but if it had a higher utility 
and a higher cost the two tests would 
incomparable unless the relative 
Weight of excluding a potential success 
to including a potential failure were 
nown. 

A basic problem in the theory of 
testing hypotheses in statistical infer- 
ence is to test a simple hypothesis, Ho 
(null hypothesis), against a single 
alternative hypothesis, Hi, by means 
Of experimental data. A test, T, asso- 
Ciates to each experimental outcome 
the decision to accept Ho or to accept 
H, (but not both!). Each test T is 
appraised by a pair of numbers, 
Namely, the probability of accepting 

1if Ho is true, Pr(Zi| Ho), and the 
Probability of accepting Ho if Hı is 
ne Pr(Ho| H). Given two tests, 

and T”, then T” is said to be as 
800d as T” (T' = T”) if and only if 


Pr (H| Ho) s Pro (Hy | Ho) 
Pr (Ho| H) < Pre (H| Hi) 


u relation = on the set of all tests 
an example of a partial order. 
ti B4, lattice. Let B be a poset rela- 
ha to a relation =. If a, b, c are 
Snes of B and c2a,c2b, we 
TA that c is an upper bound of a and b. 
of also ¢ < x for every upper bound x 
$ a and b, we say that c is the least 
ibber bound of a and b and write 
=aub. In terms of the example 
of Mental testing, c could be a person 
Who passed exactly those items which 
Were passed by at least one of a and b. 
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Analogously, if d S a, d S b, we say 
that d is a lower bound of a and b, 
and if also d = y for all lower bounds 
y of a and b, we say that d is the 
greatest lower bound of a and b and 
write d =anb. In our example d 
could be a person who passed exactly 
those items passed by both a and b. 

A pair a,b need not have a least 
upper bound or a greatest lower 
bound. For example, if @ passed 
items 1, 2, 3, 4; b passed 1, 2, 5, 6; 
c passed 1, 2, 3, 4, 5, 6, 7; c' passed 
1, 2, 3, 4, 5, 6, 8; and there are no 
other persons, then both ¢ and c’ are 
upper bounds to a and b but there is 
no least upper bound. Also in this 
case there are no lower bounds for a 
and b and hence no greatest lower 
bound. 

A poset is said to be a lattice if, for 
every pair a,b, both aUb and anb 
exist. The lattice is an intermediate 
model between a partial order and a 
vector space. 

George Miller® (Massachusetts In- 
stitute of Technology) has recently 
investigated the use of a lattice theo- 
retic treatment of information in ex- 
perimental psychology. To each item 
of information he associates (process 
A) an element of a lattice. If two 
items of information are associated 
respectively with elements x and y of 
the lattice, then the item which con- 
sists of the information common to 
the original items is associated with 
the element xN y, and the item which 
consists of the information contained 
in either of the original items is asso- 
ciated with the element xUy. As 
used by Miller, an item of informa- 
tion might consist of a cue or a 
sequence of cues in an experimental 
situation. The common procedure is 
to summarize the structure of the ex- 
periment by means of a lattice, given 
an experimental setup. However, the 


6 Personal communication. 
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abstract lattice in turn can motivate 
new types of experimental situations 
and indicate analogies between experi- 
mental designs which otherwise would 
not be apparent. 

By, weak order. A transitive order 
S is defined on By and has the prop- 
erty that for every pair a,b either 
aborbSa. If botha <b and 
b S a, we say that a and b are indiffer- 
ent. Indifference is an equivalence 
relation (i.e., is reflexive, symmetric, 
and transitive). 

A weak ordering would be illus- 
trated by the military ranks of second 
lieutenant, first lieutenant, captain, 
major, etc. Each of these would con- 
stitute an equivalence class, and for 
any two officers (a, b), either a = b or 
b 2 a, or both. 

Bs, chain. A poset in which every 
pair is comparable is called a chain (or 
simple order, or linear order, or com- 
plete order). Alternatively, a chain 
is a weak order in which each indiffer- 
ence class consists of a single element. 
Here every pair of elements is ordered. 

The previous example of a weak 
ordering of military rank could be con- 
verted into a chain if date of rank, 
standing in class, etc. were taken into 
account. Then, for every two distinct 
elements, a, b, either a > b or b > a. 

The ordinal scales of classical meas- 
urement theory are examples of chains. 

Bs, partly ordered vector space. A 
special case of lattice is provided by 
a real vector space (or a subset of a 
vector space). A vector x = (x1, <->, 
£n) is an ordered set of 2 real numbers 
called the components of the vector. 
We define x < y to mean that x; S Yi 
for each component. (Here the sec- 
ond symbol < refers to the usual 
ordering of real numbers.) This defi- 
nition makes the vector space into a 
poset, and this poset is a lattice which 
is called a partly ordered vector space. 

A partly ordered vector space is 
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illustrated by the comparability i 
individuals in mental abilities. Ba 
ceiving of intelligence as made up 


a number of primary mental abilities, 


each of these constitutes a component 
or dimension. Then, it may be Soe 
of two individuals v and y that y pe 
least as intelligent as x if and only ® 
y has as much or more of each com 
ponent as x has. din 
The term vector is sometimes use 


a more general situation. If Cu dee 
C, are chain orders we may cone 
vectors or -tuples ¢ = (cn “ane 
where the ith component c; lies 17 he 
chain order C; (i = 1, --+, %)- dthe 
set C of all such vectors c is calle! aad 
Cartesian product of Cy, +++, Cr We 
is denoted by C = C\X «++ X Cm aa 
can make C into a poset by a ped 


analogous to that used above for Fr 
vector spaces. Note that a real Ca i 
tor space is the special case of @ ae, 
tesian product of n factors C1, * bers: 
each equal to the set of real num 

Bo, simply ordered vector space (or 
utility space. A real vector og aie 
subset) in which x < y is defined 1° h, 
cographically, i.e « < y if %1 = 
etry Gii = Yer, y < ye is a SP 
case of simple order. 

A lexicographic ordering CM ve 
illustrated by the manner in voa 
might expect a fortune hunte rie 
simply order a number of wie 
women. Presumably, financial a$ i 
would be the principal component ae 
he might construct a weak order 
of the women, into, say five clas® 
on this basis, Then he would tur? © 
the second component, say beau es 
and within each of the financial clas 
construct a simple ordering of yo 
women on this component. Any Hi 
women (a,b) would then be simp!” 
ordered as follows: 


ecial 


jal 
1. If a were in a higher financi 
class than b, a would be preferred to 
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2. If a were inJthe same financial 
class as b, then preference would be 
determined by their relation on the 
beauty component. 


B;, real numbers. The transition to 
scales using the real numbers has been 
given additional importance by the 
development of von Neumann-Mor- 
genstern utilities. Even though one 
may wish to arrive here in order to 
have a simple index when a decision 
is to be made, it may frequently be 
desirable not to get here all at once, 
but to keep the components at a 
Weaker level until it is necessary to 
map into the real numbers. 

Measurement scales involving the 
real numbers, the interval scale, and 
the ratio scale have been discussed at 
length in the literature (3, 5, 9, 10, 11) 
and will not be pursued again here. 


FURTHER EXTENSIONS 


_The various mathematical systems 
discussed here as available for meas- 
urement have been illustrated with 
objects of the real world mapped into 
the elements of an abstract system. 
A further level of abstraction is pro- 
Vided by defining a “distance func- 
tion” in the abstract system, in which 
Ordered pairs of elements in the ab- 
Stract system are mapped into ele- 
Ments of another abstract system 
about which a variety of assertions 
May be made. In the context of 
Measurement, these pairs of elements 
May correspond to ‘‘differences’’ be- 
tween pairs of objects in the real 
World. These differences may them- 
Selves then be mapped into an appro- 
Priate abstract system such as one of 
those discussed here. 

A number of these types of scales 
have been discussed by one of the 
authors (4 ch. 1). An illustra- 
tion is the ordered metric scale in 
which the objects themselves satisfy 
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Bs, a simply ordered scale, and ordered 
pairs of objects, regarded as “‘dis- 
tances” between them, satisfy Bs, a 
partly ordered scale. Such scales are 
now being utilized for the measure- 
ment of utility and psychological prob- 
ability in experiments on decision 
making under uncertainty (6, 7). 


SUMMARY 


One role of mathematical models is 
to provide a logical route to go from 
characteristics of the real world to 
predictions about it. The alternative 
route is by observation or experiment 
on the real world itself. The view 
expressed here is that these two routes 
are coordinate. 

The various scales used in measure- 
ment serve as an illustration of the 
application of mathematical models 
and are subject to the same constraints 
as other mathematical models. That 
is, if the axioms underlying the scale 
are not satisfied by that segment of 
the real world which is mapped into 
it, then the interpretations of the 
mathematical conclusions may have 
no reality or meaning. Thus, to insist 
that measurement always constitutes 
the mapping of physical objects into 
the real number system is to impose 
on the real world an abstract theory 
which may be invalid. 

A partial ordering of various alter- 
native mathematical systems avail- 
able for measurement has been pre- 
sented with illustrations in order to 
reveal the relative strengths of these 
scales to which the real world must 
conform to permit their application. 
We make no claim to completeness in 
this list of models for measurement 
theory. Our purpose is to point out 
the richness of the,set of possible 
models and to give some examples 
that show how the use of more general 
models can extend the domain of clas- 
sical measurement theory. 
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-None of the discussion here should 
be taken as an argument for the use 
of weaker scales in the place of stronger 
scales for their own sake. The meas- 
urement scale utilized constitutes a 
theory about the real world and the 
stronger the theory the better, so long 
as it is correct. The addition to a 
scale of axioms which are not satisfied 
by the real world is a step away from 
the path of progress. 
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_ In the Principles of Behavior Hull 
introduced his theoretical constructs 
(intervening variables) initially in 
terms of independent environmental 
variables (e.g., Se N, Ta etc.), and 
completed the theoretical structure by 
anchoring them to certain response 
measures. The latter involved the 
introduction of specific ad hoc postu- 
lates that related each of the response 
measures (e.g., latency, frequency, re- 
sistance to extinction, etc.) to one or 
Other of the theoretical constructs. 
Thus in the case of the response meas- 
ure (latency) with which we shall be 
concerned, Hull made the following 
assumption : 

The latency of response (R,) is a 
decreasing hyperbolic function of the 
momentary effective excitatory poten- 
tial (#), i.e., Re = al-*, where a and 

are empirical parameters (Postulate 
13, p. 344). 

Attention has been called elsewhere 
(7, 8) to the point that certain of these 
Postulates are entirely superfluous in 
that assumptions already a part of the 
System (i.e., earlier postulates) permit 
One to derive a necessary relation be- 
tween these response measures and one 
Or other of the theoretical constructs. 
Thus in the case of the postulate in- 
troducing response probability or fre- 


quency (R%) asa function of effective \ 
excitatory potential (B), the relation ` 
assumed is, as has been shown, deriv- 
able from definitions and postulates 
already made concerning effective ex- i 
citatory potential (Ē), oscillatory in- ` 
hibition (O) and reaction threshold 
(L). In this particular instance, the 
postulate Hull made (normal integral 
function) happened to be identical 
with the relation that may be derived 
from assumptions already a part of 
the system (6). In the case of the : 
latency measure, however, it may be N 
shown that the postulate he assumed 
is actually inconsistent with a neces- 
sary relation that follows from earlier 
assumptions. The main purpose of 
the present article is to consider the 
implications for this relationship of 
the assumptions already made con- 
cerning Ë, O, and L, and to extend 
their implications to the empirical laws 
(learning curves) to be expected be- 
tween response latency and speed, on 
the one hand, and the variable N on 
the other." 

We need to recall first that momen- 
fective excitatory potential, E, 


tary e 
to Ē — O, and that a response 


is equal 

1 The assumptions made concerning O are 
those given in Hull’s Principles of Behavior 
(3), not those in his later Essentials of Be- 
havior (4) and A Behavior System (5). 
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Fic. 1. The shaded portions of the upended normal distribution functions show the 
probability of Z being greater than L for two levels of Ë 


is assumed to occur to a stimulus only 
when (a) E is greater than L, and 
(6) when an O value exists that is 
sufficiently small to make the value of 


E greater than L. Oscillatory inhi- 
bition (0), it will be remembered, is 
assumed to change in value from mo- 
ment to moment, the distribution of 
the values being postulated as nor- 
mally distributed. The problem be- 
comes one, then, of determining the 
average time, į, before a momentary 


O value occurs that will provide an Æ 
value greater than L. 

Let P be the probability of occur- 
rence of such an O value. Then the 
probability that such a value of O 
will be the first one to occur is P; 
the probability that such a value will 
be the second is (1—P)P; the prob- 
ability that it will be the third is 
(1—P)(1—P)P or P(i—P)?, etc. 
Considering now an indefinitely large 
number of occasions on which the 
stimulus is presented, and represent- 
ing the number of occurrences of mo- 
mentary O values on any occasion by 
n, we may weight each possible value 
of n by its probability (expected rela- 
tive frequency), and thus obtain a 


mean expected value of n. Estes (1) 
has shown that this mean value, A 
is equal to 1/P. In other words, ” E 
the mean expected number of mome” 
tary O values that will occur on e20 
stimulus occasion until an 0. value 
that provides a superthreshold Æ value 
will occur. 

If now we let u’ represent the aver- 
age time or duration of a momentary 
O, then the average time, é, for * 


, 
superthreshold Ë value to occur will 
be the product of the expected number 
of momentary O values that will occu" 


and the mean duration of a momen- 
tary O. 


z + 
i = nu = J (1) 
2. 
In terms of an average measure of 


speed of response evocation (a), this 
equation becomes 


adie | ye @) 
u 
where 
u = 1/w. 


Figure 1 represents two levels of E 
and shows their relation to L and 


The probability (P) of O being a value 
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that will produce a superthreshold È, 
which can also be described as the 
probability that H is superthreshold, 
[p(B > L)], is given by the propor- 
tion of the upended normal distribu- 
tion that is above L. This yields 
E-L-2.50 


P=p(E>L) -f (0) do. (3) 
Since # is assumed to be an exponen- 
tial function of N, i.e., E =A (1-e"*"), 
it is possible to ascertain the theoreti- 
cal function that P is of N by means 
of a table of cumulative probability 
values of the normal curve. Figure 2 
shows the family of theoretical curves 


of the proportion of superthreshold E 


values, p(# > L) as a function of N 
for different curves of growth of F. 
When multiplied by the parameter, 4, 
representing the reciprocal of average 
duration of a momentary O value, 
such curves provide a theoretical pre- 
diction of 5 as a function of N. The 
relationship is identical in form, it 
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should be noted, with the theoretical 
frequency measure in classical condi- 
tioning (7) and implies an initial period 
of positive acceleration, providing that 
the data represent the major portion 
of the total possible learning and not 
just some later part of it. 

Now the measure #, it should be 
noted, is a measure of the time it takes 
to get the effector activity initiated. 
As such it does not involve the time 
or duration of whatever neuromuscu- 
lar activity is involved on the part of 
the subject in the measuring situation. 
In actual practice, however, any meas- 
urement of response latency must also 
involve the time taken by the action 
of the effector system. Presumably 
our so-called latency measures, or 
measures of response time, represent 
a summation of these two durations 
so that, if we let T represent the ob- 
tained experimental measure of re- 
sponse time, i the measure of action 
latency, and f/ the duration of the 
effector activity involved in the meas- 


105 


TRIALS (N) 


Fic. 2- 


Family of theoretical curves of the proportion of superthreshold E values 
as a function of N for different curves of growth of 


So 
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uring operation, then 
Fsi. (4) 


A similar equation can be derived 
for a measure of speed of response (V) 
as follows: 


1 z 
Topp ©) 


The problem immediately arises as 
to how ?#’ (and its reciprocal, v’) vary 
with E. The present writer has not 
been able to derive a relation between 
t' and Ë from any of the existing pos- 
tulates of the system. Accordingly, 
the working hypothesis is made that 
the relation is the simple hyperbolic 
one shown in the following equation 22 
eS as where c is a constant. 
Substituting now in equations 4 and 
5, we obtain the following equations 
as representing the functions relating 
the experimental measurements of 
time (7) and speed of response (V) in 
simple instrumental conditioning to Ê: 


u’ c 


A a. (6) 


1 
CS a (7) 


Pt E-D 


An interesting implication of the 
above theorizing is that the shape of 
the curve of V as a function of B, and 
hence of N, will depend upon the mag- 
nitude of the parameter c, which is 
experimentally manipulable by vary- 
ing the amount (duration) of motor 
activity involved in the measurement 
of the response. Thus in the simple 
approach type of situation (locomo- 
tion in a straight alley), one could 
vary the value of c by measuring the 

? This implies, of course, that the relation 
between speed of activity (v’) and # is linear. 
(H — L) 

Si 


fi Ses 
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response for different lengths of run- 
way. When a minimum length 0 
alley was employed, c would appro 
zero, and equation 7 would bero 
identical with equation 2. Under t 
condition, the speed measure worn 
provide an initially positively acc 
erated curve. oa 

As the length of the runway invo. ie 
in the measurement is increased, ily 
value of c will increase, and the ee A 
of speed-of-response (v) curves Pi a 
function of N would be experia s 
vary in their initial phase from por act 
to negative acceleration. By s¢ ay 
ing an appropriate length of ein 
one should be able to obtain a cu i 
that is linear in its early or pi 
development. Finally, it shoul A 
noted that the theory implies mha 4 
the measurement (’) is taken TO ; 
point after the activity has s z8 
the curve for speed of running (# ely 
a function of N should be a negativ" 


z ion, Le 
accelerated exponential function, +ê” 
fasan- +8) 


c 


II 


The above derivations concerning 
the relation of the measures, respons 
time and speed of response to he 
instrumental learning, assume that t at 
growth of # is an exponential bare 
the type that Hull employed. T 
assumption, in turn, depends upon t r 
postulate that Hf grows in this manne 
and that the other factors determining 
E, such as stimulus dynamism Q, ao 
D, incentive motivation K, and pker 
inhibition T, are constant throughou" 
the course of the training period. 4 
means of various experimental tec 
niques, such as distributing the tria'> 
having only a few trials a day (3 or 4): 
etc., it is possible to keep Q, D, and 
fairly constant, The situation is 7° 
so simple so far as the incentive mot!” 
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vational factor, K, is concerned. In 
recent discussions of theories of learn- 
ing (6) the writer has suggested that 
this factor K might represent a stimu- 
lus dynamism, that provided by the 
proprioceptive component (sg) of the 
fractional anticipatory goal response 
(ra). According to this notion, in in- 
strumental learning involving reward, 
one also has classical conditioning 
taking place so that a fractional part 
of the goal response becomes condi- 
tioned to the stimulus situation. With 
conditioning, this 7e and its cue $e, by 
virtue of generalization, move forward 
in time and thus become a part of the 
internal stimulus complex determining 
the strength of the instrumental re- 
sponse. Thus it is a kind of acquired 
Motivating factor, the strength of 
which depends not only on the condi- 
tions of reinforcement (i.e., magnitude 
and delay of reinforcement), but also 
on the stage of training, i.e., number 
of reinforced trials (N). 
_ This hypothesis has a number of 
important implications, not only for 
experiments involving different mag- 
nitudes and delays of reinforcement, 
but also for the nature of the learning 
(performance) curve in simple instru- 
Mental learning. Confining our in- 
terest here to the latter problem, we 
Shall consider the implication of the 
variation of K during learning without 
taking into account how this motiva- 
tional variable interacts or combines with 
the other two motivational constructs, 
Q and D. 

According to our assumption con- 
cerning E, and ignoring D and Q, 


R=f(E)=(KXH). ©) 


Pubstituting for K and H their postu- 
ated relations to N, we obtain the 
following: 


R = f(E) = LB — (B — x)e-N] 
x 


L 
CA — (A — x)e=N]. (10) 
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According to equation 9, the growth 
of E as a function of N would be ini- 
tially positively accelerated instead of 
the negatively accelerated exponential 
function that would obtain if K were 
some constant value. In view of the 
fact that the curves of learning, e.g., 
V = f(N) and v’ = f(N), are deter- 
mined in part by the growth of F, it 
is readily apparent that we need to 
take this function into account in 
making any predictions as to the form 
of these curves. Thus, one interest- 
ing implication of this hypothesis is 
that if one were to establish K at a 
maximum (hence constant) value by 
setting up the classical CR (Se — ra) 
to the sight and sound of the lever 
(S.) prior to the beginning of the insiru- 
mental learning, the growth of E would 
now be expected to be a negatively 
accelerated function throughout its 
course. Under this condition, the 
period of positive acceleration of the 
speed of response evocation curve 
3 = f(N) should, other things being 
equated, be less than under the normal 
procedure in which the classical con- 
ditioning proceeds along with the in- 
strumental learning. 

In a similar fashion, one may pre- 
dict that curves of speed of running 
w = fN) would be a negative growth 
function only under the condition in 
which K is a constant, and would tend 
to exhibit an initial phase of positive 
acceleration to the extent that K grows 
from zero to its maximum throughout 
the course of learning the instrumental 
response. Itis probably the case that 
Kis, as the result of transfer from past 
experience, already considerably de- 
veloped in the simple running situa- 
tion under normal illumination condi- 
tions, with the consequence that the 
growth of E is distorted only 
from the negative exponential 
holds when K is constant. 


curve of 
slightly 
function that 
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In this section some of the problems 
connected with the experimental test- 
ing of these- theoretical implications 
will be discussed. If one examines 
the existing data from instrumental 
learning investigations, it will be found 
that a variety of curves of speed of 
response (reciprocal of latency or re- 
sponse duration) have been obtained. 
Of some score of curves, both from 
the literature and from unpublished 
studies conducted in the Iowa labora- 
tory examined by the writer, it was 
evident that the majority showed a 
relatively brief initial period of posi- 
tive acceleration followed by a period 
of prolonged negative acceleration to 
the asymptote. The second most fre- 
quently observed type was linear in its 
early portion (10 to 15 trials), followed 
by a negatively accelerated approach 
to the limit. A few curves exhibited 
negative acceleration throughout their 
course. It is the writer’s impression 
that the latter type of curve tends to 
occur when the drive is very high, 
such as in running to escape an electric 
shock or under a strong hunger drive. 

Unfortunately, these data are not 
very satisfactory for the reason that 
they are typically group curves in- 
volving the mean or median of a whole 
group of subjects. The forms taken 
by such group curves may deviate 
markedly from the curves of individual 
subjects, as Hayes (2) has recently so 
nicely demonstrated. The reasons for 
this become obvious when we consider 
that there are marked differences 
among individual subjects, not only in 
initial and final levels of performance, 
but also in their different rates of learn- 
ing, i.e., their different rates of ap- 
proach to the performance asymptote. 

A number of alternatives to the use 
of such group curves suggest them- 
selves. One is to employ the data 
of individual subjects, The notorious 
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variability of individual measures ee 
trial to trial, however, usually nea 
tates some form of averaging of ks 
individual measures in terms of block 
of trials, a procedure which also TE 
leads to distortion of the curve. A 
if an individual curve that horsia 
initial phase of positive accel by 
within the first 10 trials followe “ee 
a negatively accelerated phase 1s iw 3 
aged in terms of successive bloc $ 
10 trials each, the initial per Re 
positive acceleration will be los ies 
tirely. The most satisfactory ma are 
of treating individual measures, Pa 
ticularly measures of speed of resp i 
would appear to be the moving Tia 
age method with small blocks of tr! 
e.g., three trials in a block. 

As an alternative to these ae 
based on individual measuresand & iren 
ages of a group of subjects, hemi ” 
has employed curves based on “‘li hoz 
or homogeneous, subjects. The er- 
mogeneity of the subjects can be as¢ of 
tained in terms of the likeness nt 
the subjects’ performances at diffe 
stages of the practice or throughotr 
the total learning period. Thus, in 
the case of the frequency measure a 
classical conditioning, the subjec™ 
scores in terms of the total number y 
CR’s Occurring in a given number Fe: 
trials, e.g., 100, can first be demi 
mined, and then groups of “like” SU s 
jects can be formed in terms of thos 
that fall in a small range of score 
such as from 20 to 30 CR’s, or from 
50 to 60, etc. The writer has show 
that such data from different parts pr 
the distribution of total CR scores pr? 
vide very smooth, comparable curve? 
with relatively small numbers of sUD- 
jects. In such curves the form is 2° 
a function of the distribution of thé 
individual scores. 

There are, of course, further refine- 
ments that can be made in this pf 
cedure. For example, in terms of the 
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speed measures we have been discuss- 
ing, one could obtain measures for 
each subject at the beginning, at some 
intermediate point, and at the end of 
the learning, and then form groups of 
subjects that are alike at all three 
points rather than alike only on the 
basis of an over-all performance meas- 
ure. As psychology moves into a 
period when testing of its theories re- 
quires the evaluation of the empirical 
data in terms of the precise form of 
some predicted lawful relation, more 
refined procedures for ascertaining the 
nature of the function will have to be 
made available. 

A second point in connection with 
the testing of these theoretical impli- 
cations is that the experimenter must 
define his response measures more pre- 
cisely. Thus the present theory makes 
it necessary to differentiate between 
measures that involve starting of the 
action, the duration of the activity 
once set going, and combinations of 
both. The predicted differences in 
these various measures provide one of 
the most feasible ways of testing the 
theory. Similarly, the motivational 
conditions, relevant and irrelevant, 
will have to be carefully controlled 
and their possible differential effects 
taken into consideration. 

Undoubtedly, the most difficult task 
will be that of arranging the experi- 
mental conditions so that there are no 
Competing responses in the situation; 
for the theoretical model assumes but 
a single response, not a number of 
competing responses. Most instances 
of instrumental conditioning are really 
limiting cases of trial-and-error learn- 
Ing in which competing responses, 
while minimized, still play a more 
or less important role. Obviously, 
the occurrence of other competing 
responses in such simple learning sit- 
uations involves time and thus impor- 
tantly affects speed measures. More- 
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over, it is an unfortunate fact that 
interference from such competing re- 
sponses is greatest at the beginning of 
instrumental learning when the re- 
warded response is weak. Later in 
the learning, this response is so much 
stronger than the competing ones that 
the latter are unable to interfere. 

Elimination of competing responses 
will necessitate both experimental pro- 
cedures and objective criteria for elim- 
inating data on trials on which com- 
peting responses do occur despite the 
experimental controls. Particularly 
important also is control of the re- 
sponse orientation of the subject just 
prior to the presentation of the stimu- 
lus. A procedure that has been found 
to be quite successful in obtaining such 
control in a very few trials (two to 
four) is to employ two doors, one 
opaque and the other glass, in the 
starting box of an operant situation 
such as the straight alley. Each trial 
is started by the experimenter raising 
the opaque door first and then, at a 
fixed interval (three seconds) there- 
after, the glass door. The raising of 
the opaque door serves as a warning 
signal for the subject, which very 
quickly comes to be set to respond to 
the raising of the glass door. Simi- 
larly, measuring techniques will have 
to be as precise as possible, particularly 
in measuring the speed of response 
evocation. Thestop watch will hardly 
serve for our present purposes. 

Finally, in addition to controlling 
competing responses, it will be neces- 
sary to minimize transfer from past 
experience so that the strength of the 
S-R is sufficiently low to provide a 
picture of the major portion of the 
total learning. It is particularly im- 
portant from the point of view of the 
present theory that a good share of 
the initial phase of learning be repre- 
sented in the data. 
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IV 


In the preceding sections we have 
elaborated some of the implications 
with respect to the form of the speed 
of response evocation curve of learning 
of the original theoretical model put 
forward by Hull in his Principles of 
Behavior. The present treatment dif- 
fers somewhat from that given by Hull 
in that certain implications of his pos- 
tulates with respect to excitatory po- 
tential (E), oscillatory inhibition (0), 
and threshold (L) were developed, with 
the consequence that it was possible 
to derive the relation to be expected 
between speed of response evocation 
(0) and E. By means of an assump- 
tion relating speed of running (v’) to 
E, additional implications were drawn 
concerning measures that involved 
various combinations of the two meas- 
ures, speed of response evocation (a) 
and speed of running (v’). Also con- 
sidered were certain problems relating 


to the obtainment and treatment of ex- 
perimental data bearing on the theory. 
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CONDITIONING AS AN ARTIFACT 
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The case for a pure reinforcement 
theory of learning has been strongly 
put by recent papers (20, 21, 26, 40), 
and it is difficult now to escape the con- 
viction that such a view is essentially 
correct. 

In spite of its fundamental strength, 
however, reinforcement theory has re- 
mained weak in one respect. It has ex- 
perienced continual difficulty in han- 
dling the problem of autonomic, visceral 
learning. To be consistent, Hull was 
obliged to maintain that reinforcement 
was crucial even in the presumed acqui- 
sition of such responses as salivation, 
alteration of skin resistance, cardio- 
vascular changes, etc. This he did (19, 
pp. 76-80), although not as flatly as he 
is sometimes said to have done. Hull 
thus arrived at a position that many 
have regarded as untenable; for, al- 
though it is possible to imagine rein- 
forcemental factors at work in some 1n- 
stances of alleged visceral learning, 
there are many other instances in which 
the influence of such factors seems to 
be completely out of the question. 

One variant of reinforcement theory 
that is designed to meet the situation 
More adequately is the so-called “two- 
factor” theory. It has been most re- 
cently and most vigorously promoted 
by Mowrer (29, 30), but Mowrer’s 
views are in reality quite similar to 
those previously advanced by Thorn- 
dike (44, pp. 401-412) and Skinner 
(39, pp. 109-115). Mowrer differenti- 
ates between conditioning and problem 


1The writer wishes to acknowledge with 
real appreciation the helpful and sustained in- 
terest of his colleagues, Professors Joseph H. 
Grosslight, John F. Hall, and William M- 
Lepley. 


solving. The first term refers to the 
process of learning by a stimulus-sub- 
stitution, contiguity principle; the sec- 
ond term, to that of learning by a prin- 
ciple of reinforcement. Conditioning is 
alleged to occur specifically via the au- 
tonomic nervous system, and problem 
solving to be mediated solely by the 
“central” (i.e., somatic) nervous sys- 
tem; a sharp distinction between the 
two neurological divisions is drawn and 
emphasized. 

Such incisive dualism has an unde- 
niable appeal. It suffers, however, from 
a disquieting lack of parsimony. It is 
extremely difficult to believe that “vis- 
ceral learning” and somatic learning, so 
alike in so many respects, must be ac- 
complished by two different principles 
(cf. 38). The resolution of the prob- 
lem thus appears to lie elsewhere. 

As it happens, there exists a rather 
simple way to save reinforcement, and 
parsimony with it. One can begin by 
accepting the notion that somatic learn- 
ing is reinforcemental learning. He can 
then go one step further than Mowrer 
has, and expunge from the viscera not 
only problem solving but conditioning 
as well. This procedure leaves the law 
of effect to rule in monistic majesty. 
Of course, it also makes the autonomic 
nervous system totally uneducable; but 
that, it can be asserted, is as it should 
be. For it can be argued that every 
“conditioned visceral response” is in re- 
ality an artifact, an innate accompani- 
ment of the skeletal responses inculcated 
by the conditioning process. 

The present paper will, in fact, at- 
tempt to defend this general line of 


thought. 
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Tue ARGUMENT AND A SPECIFIC 
INSTANCE 


In the elaboration of this proposal, it 
might be wise to begin with a concrete 
example. The galvanic skin response 
and its “conditioning” would seem to be 
appropriate. 

When an attempt is made to condi- 
tion the galvanic skin response, the pro- 
cedure generally pairs a neutral condi- 
tioned stimulus with an unconditioned 
stimulus that is more or less noxious in 
nature, typically an electrical shock. 
Several pairings will eventuate, in some 
subjects, in a new correlation between 
the GSR and the originally neutral 
stimulus. “Conditioning”* has oc- 
curred. 

Anyone who has actually carried out 
this procedure knows, however, that the 
foregoing account is seriously incom- 
plete. The subject is not by any means 
a passive hulk during the entire pro- 
gram. In particular, he soon comes to 
regard the conditioned stimulus as a 
signal for a muscular “bracing” against 
the noxious stimulus to come; presum- 
ably this bracing, being somatic, is a 
matter of reinforcemental learning. At 
any rate, one would expect such skeletal 
activity to be accompanied by the GSR, 
simply as a matter of innate neural con- 
nections. The occurrence of the condi- 
tioned GSR is thus hardly surprising, 
and it can be explained without recourse 
to a principle of autonomic learning. 
It is, in short, an artifact. 

Now, at least two objections arise im- 
mediately. The first is that a scheme 
that works so well for one response, the 


2 Inasmuch as this paper ultimately arrives 
at the conclusion that “conditioning” does not 
actually exist, the term itself has been treated 
so far in a rather gingerly fashion. In the 
interests of clean typography, quotation marks 
will be omitted from now on; but when con- 
ditioning and similar terms are used, they are 
meant to be read as if quotation marks were 
still present. 
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GSR, may not work at all for others: 
what about salivation, for instance? 
This is a reasonable misgiving, but it 
will be reserved for later consideration. 
The second objection is basic and seri- 
ous, and it will be faced immediately. 

The diffculty is this: Although it 
may seem quite natural to think of 
somatic responses as somehow “caus- 
ing” their concomitant autonomic reat- 
tions, and although such a notion fre- 
quently finds expression in the litera- 
ture, it is well to remember that the 
causal sequence is actually most ob- 
scure. It is entirely possible, for 1 
stance, that the muscular tension a? 
its associated GSR arise as paralle 
events from a common innervation. 
The conservative view would seem tO 
be that there is no distinguishable Pt 
ority as between the two responses: 
By what right, then, is one considere 
the “real” response and the other 4 
mere by-product? 

Common sense would very likely 40° 
swer that question rather readily: “The 
muscular response is the real response, 
because it is conscious; I didn’t eve? 
know there was a ‘galvanic skin Te 
sponse’ until you told me about } ! 
Common sense thus suggests an answer 
which makes a certain amount of scien- 
tific sense too. 

The combined, bracing-GSR reaction 
has already been pictured as a unitary 
one; and it was agreed to begin W! 
that somatic responses attach them- 
selves to new stimuli according to & 1°- 
inforcemental paradigm. It follows, 
therefore, that the combined response, 
as a unit, gets about by reinforce- 
ment. Now, the acquisition and main- 
tenance of a voluntary (i.., reinforce 
mentally acquired) response is depend- 
ent upon the existence of afferent cues 
(cf. 4, pp- 524 ff.) The skeletal re- 

3 It is perhaps possible that this dependence 


stands as a testimony to the importance of 


immediate higher-order reinforcement; the af- 
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sponses, in the case at hand, provide a 
wealth of afferent information; but the 
autonomic reactions generate no regu- 
latory feedback whatsoever. Acquisi- 
tion of the whole response pattern, 
therefore, would seem to depend upon 
the integrity of the somatic component. 
If it were not for the muscular response, 
the GSR would not exist; but the GSR 
could be eliminated, perhaps by sym- 
pathectomy, and the bracing response 
would remain unaffected. The GSR is 
truly, in this sense, a secondary phe- 
nomenon, a by-product. 

The earlier analysis of the conditioned 
GSR thus appears to be valid. At the 
same time, examination of this particu- 
lar instance has generated a logic that 
can be applied to other instances of 
alleged autonomic learning. If it can 
be shown that the development of any 
new autonomic response is coincident 
with the growth of a somatic response 
known to have such an autonomic re- 
sponse as a regular correlate, it is legiti- 
mate to label the autonomic response as 
a secondary effect and the conditioning 
as bogus.* 

The question remaining, then, is this: 
Do other instances of conditioning fit 
this pattern well enough to permit gen- 
eralization of the artifact hypothesis? 


APPLICATIONS IN OTHER INSTANCES 


As one might expect, some varieties 
of conditioning conform to the pattern 
quite obviously, and others do not. 
For example, there are quite a few au- 
tonomic responses which, like the GSR, 


ferent cues may constitute particularly prompt 
rewards and punishments. In any event, the 
dependence seems to be a fact. 

4Tt is true that some visceral responses 
arouse afferent neural activity. As a class, 
however, these responses are sluggish, and the 
afferent information that they provide is 
greatly delayed in returning to the central 
nervous system. It can be presumed that 
there might as well be no return at all. 
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are known to be associated with the 
diffuse skeletal reactions that develop 
during a conditioning procedure. The 
foregoing discussion might just as well 
have revolved about the response of 
vasoconstriction as about the GSR; 
thus, conditioned vasoconstriction (2, 
25, 37) fits the theory well. The same 
might be said for the few reported in- 
stances of conditioned vasodilation (2, 
25), and for conditioned cardiac de- 
celeration, which was recently observed 
in animals and human beings (22, 31). 
On the other hand, there are also in- 
stances that do not fall into place quite 
so neatly. Nevertheless (and this is 
the burden of the paragraphs to come), 
they do not, on close examination, pre- 
sent the prohibitive difficulties one 
might expect. 

A case in point is that which gener- 
ated the concept of conditioning in the 
first place: the salivary reflex. Every- 
one knows about Pavlov’s classical ex- 
periments, and everyone knows that 
Pavlov induced his experimental ani- 
mals to salivate on signal. It is not 
quite so widely known, however, that 
the animals did several other things be- 
sides salivating. Of special interest at 
the moment is the fact that they dis- 
played gross skeletal responses. Pavlov 
observed movements of the head and 
“smacking . . . [of the] lips” (32, pp. 
29-30), the animal appearing “. . . to 
take the air into its mouth, or to eat 
the sound” of the conditioned stimulus 
(33). Pavlov spoke frequently of the 
“alimentary reflex” or the “complex re- 
flex of nutrition” (32, cf. pp. 13-14), 
and emphasized the fact that he was 
dealing with a pervasive pattern of be- 
havior rather than with salivation alone. 

These facts are manifestly made to 
order for the present hypothesis. Fur- 
ther, they have been confirmed by later 
experimenters. Zener, who also worked 
with the salivary reflex in dogs (48), 
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sometimes saw “chewing and licking” 
responses when the conditioned stimulus 
was administered; Zener and McCurdy 
(49) reported a correlation between 
rate of salivation and rate of chewing. 
And Moore and Marcuse, who stoutly 
undertook to condition the salivary re- 
sponses of two sows (27), were explicitly 
concerned that the observed salivation 
might be due to oral activity. The rec- 
ords obtained by Moore and Marcuse 
seemed to give negative indications. 
These experimenters, nevertheless, had 
finally recognized the possibility, which 
had been so curiously neglected until 
their time, that the salivary responses 
were not essentially independent of the 
motor responses in the animal’s behav- 
ior, but rather that the visceral activity 
of salivation was a natural concomitant 
of the acquired somatic activities of 
chewing, swallowing, etc. In this case, 
it might be noted, the possibility of con- 
comitance had existed not only in the 
sense in which it has been developed in 
the foregoing discussion. It had existed 
also in the more obvious sense that 
sheer mechanical stimulation arising 
from oral activity could be expected to 
elicit salivation directly. 

Of special interest at this point are 
Razran’s reports of conditioned salivary 
responses in human subjects. Razran’s 
experiments are well known, but it 
might be emphasized that, here once 
again, it was a complex process that 
was under investigation. Early results 
were rather widely irregular (34), and 
Razran soon came to recognize the im- 
portance of his subjects’ “attitudes” 
(34, 35, 36). It turned out also that 
the act of thinking was important in 
the experimental results: “. .. it is 
seemingly not mere ‘willing’ but think- 
ing of some more or less specific stimu- 
lus or response that produces a volun- 
tary flow of saliva” (34, p. 9). 3 Er- 
plicit instructions to “form associations 
between conditioned and unconditioned 
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stimuli “produced very effective posi- 
tive conditioning,” while instructions to 
avoid forming associations usually had 
an opposite effect. It was even possible 
to substitute the thought of eating for 


actual eating, as the unconditioned 
stimulus, and still have a successful 
experiment. 


Razran cautioned his subjects against 
gross oral movements, and his injunc- 
tions were evidently obeyed (34); thus 
the skeletal responses that might have 
evoked salivation were not as obvious 
in this instance as they were in the case 
of animal conditioning. Nevertheless; 
the fact that thought processes seeme 
so important is quite suggestive. 
there is anything at all to a motor 
theory of thought and imagination, one 
must acknowledge the possibility of oral 
activity similar in nature, if not 1M 
magnitude, to that of the animal sub- 
jects. If such activity occurred, it 
might well have evoked the measure! 
salivation. To be emphasized, also, }§ 
the role of gross bodily tension. Raz- 
ran’s subjects were hungry, and the 
food signal might well have led to 4 
certain degree of general muscular re- 
laxation in anticipation of ingestion- 
Such relaxation could be expected to tip 
the autonomic balance toward parasy™- 
pathetic dominance and thus towar 
salivation. 

It appears, then, that the conditioned 
salivary response is not beyond recon- 
ciliation with the notions propose 
earlier. Attention may now be turne! 
to another standard example of visceral 
learning: the conditioned pupillary 1e- 
sponse, which is of special interest 10 
the present context principally because 
it evidently does not exist. 


Tue PUPILLARY RESPONSE 


It is, perhaps, surprising to discover 
that pupillary conditioning is even in 
doubt. The early reports of Cason (5) 
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> and Hudgins (17) were optimistic and 


well publicized. They mentioned not 
only iridic conditioning but even “vol- 
untary control” (17) of the pupillary 
response. In 1934, Steckle and Ren- 
shaw reported an attempt to condition 
the pupillary reflex (42); the attempt 
was unsuccessful, and the experimenters 
expressed some skepticism about the 
earlier accounts. The ensuing discus- 
sion in the literature (18, 41) made it 
clear that these earlier studies had been 
replete with technical difficulties that 
left considerable room for subjective, 
judgmental factors. In 1936, in the 
second of the two papers last men- 
tioned, Steckle again reported negative 
findings. 

In 1938, positive results were claimed 
once more. Baker described iridic con- 
ditioning to “subliminal” and supra- 
liminal sounds (1). Conditioning was 
alleged to be particularly rapid and 
stable when subliminal stimuli were em- 
ployed. An elaborate repetition of 
Baker’s work by Wedell, Taylor, and 
Skolnick (45) failed to confirm his re- 
sults, as did a careful check by Hil- 
gard, Miller, and Ohlson (16). A re- 
cent and thorough exploration by Hil- 
gard, Dutton, and Helmick (14) has 
again produced very little evidence of 
successful iridic conditioning. Citing 
similar results with animals as well as 
with human beings (43), these latter 
authors warn that continued negative 
findings may force a revision of ac- 
cepted learning theory. 

In terms of the matter at hand, the 
defection of the pupillary response has 
a double significance. In the first 
place, it means that no theory need be 
seriously concerned with accounting for 
the existence of a conditioned iridic 
reflex; the present formulation, along 
with others, thus escapes a certain 
amount of travail. In the second place, 
and more importantly, the failure of 


the pupillary response is materially em- 
barrassing to a conditioning theory of 
visceral learning. Here, in the hands 
of competent workers, the principle of 
contiguity has had ample opportunity 
to exhibit itself. It has not done so. 
If “contiguity” and “artifact” are re- 
garded as exhaustive alternatives, the 
artifact hypothesis appears to be the 
sole survivor. 

It is of some incidental interest to 
speculate as to why conditioning should 
fail in the special instance of the pupil- 
lary response. It might be suggested 
that the changes in level of illumina- 
tion that are customarily employed in 
iridic-conditioning experiments are of 
no practical consequence to the sub- 
jects, and that, therefore, no antici- 
patory skeletal responses are acquired. 
There being no acquired skeletal re- 
sponses, there is no conditioning. 

In this connection, it is worth noting 
that unexplained failures characterize 
almost every conditioning experiment. 
Some subjects condition, and others do 
not. Such vagaries are much more 
suggestive of individual differences in 
personality structure than they are of 
the presumed essential similarity of 
fundamental neurological processes from 
person to person. One thinks of greater 
and lesser tendencies toward anticipa- 
tion, anxiety, and (literal) tension as 
perhaps underlying the personal varia- 
tions in conditionability. It is evident 
that the recently reported correlations 
between anxiety level and condition- 
ability fit in rather neatly with such a 
conceptualization (3, 31, 46). 


TESTS AND TESTABILITY 


The foregoing evidence is taken to be 
strongly favorable to an artifact theory 
of conditioning. It hardly suffices to 
close the matter, however. It seems ap- 
propriate now to examine other lines of 
evidence, formal and informal, actual 
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and potential, which might have a bear- 
ing upon the hypothesis at hand. 

From everyday experience comes the 
first datum: it is notoriously possible to 
forestall an untoward visceral response 
by “not thinking about it.” Stimuli 
that might otherwise elicit nausea, 
flushing, or sexual reflexes lose much of 
their effectiveness when one refuses to 
dwell on their implications. If thought 
is somatic, it would thus appear that 
the autonomic response depends upon 
the somatic and does not arise inde- 
pendently of it. There are clear and 
perhaps important implications here for 
a further understanding of such phe- 
nomena as hysterical nausea and psy- 
chological impotence. 

A somewhat similar argument also 
arises from everyday experience. Shef- 
field (38) has well pointed out the ob- 
vious fact that bowel and bladder func- 
tions are in some sense subject to rein- 
forcemental training. An equally ob- 
vious fact, to be emphasized here, is 
that such training is conducted in terms 
of massive somatic responses, and that 
everyday visceral control is exercised 
only by virtue of diffuse contractions of 
the skeletal musculature. Again, it ap- 
pears that the “real” response is a so- 
matic one. 

Both of the preceding arguments bol- 
ster the basic contention that learned 
visceral activity is a by-product of so- 
matic behavior. A crucial test of this 
contention could be made if one could 
provide oneself with a subject who is 
completely passive, and even unthink- 
ing. A subject in such a state should 
not, according to theory, be susceptible 
to conditioning. Could such a situation 
be contrived under deep hypnosis? One 
can imagine a good hypnotic subject, 
instructed to relax and to “keep his 
mind completely blank,” but to remain 
awake and aware of such stimuli as 
bells and shocks; would the conditioned 
GSR appear in such circumstances? 


To the best of the writer’s knowledge, 
such an experiment has not been per- 
formed. It must be admitted, however; 
that a rather similar situation has been 
reported, and that it does not seem to 
conform to theoretical expectations. In 
1938, Lindsley and Sassaman (24) re- 
ported the discovery of an individual 
who was able to exercise “voluntary 
control” over his pilomotor responses: 
The body hair could be erected or low- 
ered upon signal. The subject reported 
having come upon his talent more OF 
less accidentally. He denied that the 
basis for his performance was controlled 
imagery: he imagined nothing in pa'- 
ticular; he simply “willed” the re- 
sponse. Neither were there obvious 
skeletal movements or muscular ten- 
sions to account for these hirsute ac- 
complishments. This case, anomalous 
as it is, presents difficulties for prac- 
tically any theory of conditioning. The 
only saving feature, as far as the pres- 
ent hypothesis is concerned, is that 
there were indications of a very diffuse 
activity of some sort: cardiac and pu 
pillary effects accompanied the pilomo- 
tor responses. The possibility of & 
covert somatic response was thus COn- 
siderable. 

The tenor of this discussion suggests 
a well-known animal investigation, that 
of Harlow and Stagner (12). Using 
cats as subjects, these investigators 
paralyzed the striate musculature p 
deep curarization. While the anima!s 
were under curare, the pupillary 1e- 
sponse to electrical shock (which cou 
still be elicited) was conditioned to the 
sound of a buzzer. Here again 15 
ostensibly negative evidence. As it paz 
turned out, however, the effects O 
curare upon the neuromuscular system 
seem to be quite complex, and later ex- 
periments have found striate-muscle re- 
sponses even in deeply curarized ani- 
mals (10, 11). If Harlow and Stagner’s 
animals retained some degree of skele- 
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tal responsiveness, the experiment loses 
much of its crucial aspect as far as the 
present discussion is concerned. 

One final bit of information comes 
from Mowrer. In a recent defense of 
two-factor theory (30), he has quoted 
incidental observations by Gantt to the 
effect that when a conditioned-response 
pattern embraces both motor and car- 
diac elements, the visceral, cardiac com- 
ponent often persists after the motor 
has disappeared. Such an observation, 
if well founded, might also damage an 
artifact theory. The original passage 
from Gantt goes on to say, however, 
that “the respiratory component also 
accompanies the cardiac” (9, p. 51). 
Evidently, then, Gantt means by “mo- 
tor component” only really gross skele- 
tal behavior. Less spectacular somatic 
responses not only could occur along 
with the autonomic responses, but ad- 
mittedly do. 

It begins to appear that an artifact 
theory is remarkably easy to defend. 
As a matter of fact, it is almost invul- 
nerable. Unless an experimenter is 
meticulous in the elimination of skele- 
tal responses, it will always be possible 
to account for visceral conditioning by 
postulating undetected somatic activity. 
And whenever visceral conditioning fails, 
one can always claim that no effective 
skeletal behavior was aroused (a stand 
already taken above with respect to the 
failure of pupillary conditioning). 

This is an unfortunate situation sci- 
entifically, but it is not unique. In the 
current controversy over “latent learn- 
ing,” for instance, the reinforcemental- 
ists find themselves in exactly the same 
logical position. The strategy in that 
instance has been to attempt to elimi- 
nate all conceivable opportunities for 
reinforcement to operate, expecting thus 
to minimize “latent learning.” Perhaps 
an analogous attack can be made upon 
the problem here at hand. 


RELATED NOTIONS 


The concepts sketched above are not, 
of course, completely original. There 
has long existed a general feeling that 
the conditioned reflex is somehow 
vaguely fraudulent. Hilgard, who has 
displayed a lasting interest in the sys- 
tematic status of conditioning (cf. 13, 
14, 15, 16), has quite recently taken 
a position essentially antecedent to the 
one adopted here. Two excerpts from 
his 1948 book will define his stand: 


. experiments in which autonomic con- 
ditioning takes place (salivation, galvanic re- 
sponse) are full of indirect accompaniments 
[of a reinforcemental variety]. When the 
circumstances seem almost ideal for demon- 
strating . . . conditioning, as in attempts to 
condition pupillary contraction by presenting 
a tone along with a light, it is extremely diffi- 
cult to obtain any conditioning at all. The 
few cases which have found conditioning are 
in doubt . . . (13, pp. 119-120). 

. .. there is little evidence that the simul- 
taneous or nearly simultaneous occurrence of 
an incidental stimulus and an unconditioned 
response is the sufficient condition for estab- 
lishing a sensori-motor association between 
them (13, p. 334). 


An earlier (1935) and more general 
expression of somewhat the same senti- 
ment can be found in a note by Foley: 


. experimental work on conditioning in 
complex organisms . .. is often completely 
vitiated by the fact that certain implicit re- 
actions, with their attendant stimulations, are 
frequently occurring simultaneously or tempo- 
rally adjacent to the predetermined stimula- 
tions experimentally administered by the in- 


vestigator (7, p. 444). 


Foley, however, does not fix his sus- 
picions upon reinforcemental factors as 
plainly as does Hilgard. Neither did 
Freeman, who summarized his experi- 
ments of 1930, on the GSR, in much 
the same vein: 

Since the quantitative results were obtained 
in a manner similar to that of animal experi- 
mentation, I have interpreted them as “condi- 


tioned responses”; but it seems that they 
might just as easily be interpreted as physio- 
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logical accompaniments of the attitudes of ex- 
pectation and surprise (8, p. 534). 


Cook and Harris (6), Lazarus and Mc- 
Cleary (23), and Mowrer in an earlier 
Paper (28) have expressed similar opin- 
ions on the conditioned galvanic skin 
response. With respect to salivary con- 
ditioning, Razran (cf. 34, 35, 36) and 
Zener (48) have also emphasized moti- 
vational and attitudinal factors in quite 
general terms. 

The formulation arrived at in the 
present paper should not be confused 
with an already rather common one. A 
great many theorists have maintained, 
in one way or another, that what actu- 
ally develops as a result of stimulus 
contiguity is an association, a cognition, 
an expectancy, or, perhaps, a condi- 
tioned sensation. At any rate, this gen- 
eral view represents essentially an ex- 
tension of the contiguity principle to 
somatic learning (it is not always com- 
pletely clear how these theorists ac- 
count for the autonomic phenomena 
that arise during the conditioning proc- 
ess). Such an extension of the con- 
tiguity principle is, of course, quite op- 
posed to the theory at hand, which sets 
out to obliterate the principle entirely. 

The present view welcomes the sug- 
gestion that what really happens in vis- 
ceral conditioning is that an “expect- 
ancy” develops. It would insist, how- 
ever, that such an “expectancy” is a 
somatic process, inculcated by reinforce- 
mental learning (cf. 47; 13, pp. 331- 
334) and occurring in the skeletal mus- 
culature, and that, as an innate by- 
product of this muscular activity, the 
observed visceral responses arise. 
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DO INTERVENING VARIABLES INTERVENE? 


J. R. MAZE i 


University of Sydney 


There is a kind of fallacy to which 
psychology seems especially prone (al- 
though it is not by any means pe- 
culiar to it) and which has been pointed 
out many times under different names 
—e.g., “faculty-naming,” “hypostatiza- 
tion,” “the postulation of imaginary 
forces,” “verbal magic.” But its logi- 
cal structure has rarely been made ex- 
plicit, and one finds that even those 
writers who attack it frequently com- 
mit it themselves. It seemed on first 
reading that MacCorquodale and Meehl A 
in their very provocative and valuable 
paper (11), had gone a good way to- 
ward clarifying this problem, but the 
fact that their authority has been in- 
voked in support of such widely diverse 
views, including methodologies that ap- 
pear particularly disposed toward hy- 
postatization, might be taken as a sign 
that their paper has failed of its effect, 
and that a re-examination of it might 
be profitable. 

Its main burden was to draw a dis- 
tinction between two kinds of theoreti- 
cal concept—‘“intervening variables,” 
whose meaning and truth were com- 
pletely reducible to those of the “em- 
pirical relationships” with which they 
dealt, or which they described, and 
“hypothetical constructs,” which had 
“surplus meaning” so that the truth of 
statements involving them was xot com- 
pletely reducible to the truth of state- 
ments about the empirical relationships 
in connection with which they were hy- 
pothesized. MacCorquodale and Meehl 
do not contend that either of these 
kinds is illegitimate. What they do ob- 
ject to is the surreptitious use of inter- 
vening variables as if they were hypo- 
thetical constructs—as if they could 


sustain the functions of the latter. So 
far, the argument seems perfectly sound, 
and the fallacy to which they are point- 
ing seems to be the “verbal magic” one, 
i.e., giving a name to a certain kind of 
event and then using that name as if 
it accounted for the occurrence of that 
kind of event. One example of this, I 
suggest, might be to use the phrase 
“having a valence” as meaning “being 
the object of our striving,” and then 
seeming to account for our striving for 
something by saying that it has a va 
lence for us. A 

But when one considers their criticism 
of “libido,” one feels that they do not 
quite make the point that the situation 
one cannot use the intervening variable 
to account for is just the situation whose 
name it is. They simply say that “cer- 
tain puzzling phenomena are deduce 
(“explained”) by means of the various 
properties of libido . . .” (11, p. 105). 
And in their examples of “pure” inter- 
vening variables, we find some that 
could hardly avoid being used in the 
illegitimate way—e.g., “valence” itself 
—and some that seem quite distinct 
from the sort of “calculational device 
(to use Spence’s phrase) which, fol- 
lowing Tolman’s scheme for “breaking 
down into more manageable form the 
original complete fı function” between 
behavior and the independent experi- 
mental variables (17), they originally 
offer as intervening variables, 

This confusion, I contend, comes 
about mainly because they are not cleat 
on what the “empirical relationships” 
they are discussing are between, or, in 
general, what sort of thing can have 
relations. Thus, by manipulating the 
four variables that enter into Hull’s 
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equation for habit strength (9)—num- 
ber of reinforcements, delay in rein- 
forcement, amount of reward, and 
stimulus-response asynchronism (JN, £, 
w, and t’)—they show clearly that in- 
tervening variables in the “calculational 
device” sense depend on quite arbitrary 
groupings of the empirical variables 
concerned, and contend that from these 
four they “could define 15 alternative 
and equivalent sets of intervening vari- 
ables” (11, p. 98). But concerning one 
of these, a new intervening variable in- 
volving only NV, and which they sug- 
gest might be called “cumulative rein- 
forcement,” they say: “Suppose: now 
that a critic asks us whether our ‘cumu- 
lative reinforcement’ really exists. This 
amounts to asking whether we have 
formulated a ‘correct statement’ con- 
cerning the relation of this intervening 
variable to the anchoring (empirical) 
variables.” Now, to ask whether ifs re- 
lation to the empirical variables is cor- 
rectly stated is already to treat it as 
“existing,” although this question of ex- 
istence, which is brought in at many 
points throughout the essay, is not rele- 
vant since, as Bergmann (3) points out, 
ratios between the quantities of differ- 
ent variables exist even though the 
number by which a ratio may be ex- 
pressed may not itself stand for a 
quantity of anything. More impor- 
tantly, to ask about “its” relation to 
anything is to treat it as being the sort 
of thing that can be a term of a rela- 
tion—that is, as being qualitative, as 
being some state or condition or “stuff” 
that there can be quantities of. Such 
a notion must always have “surplus 
meaning”; that is, a term of a relation 
must have some nature, some collection 
of properties, other than its having that 
relation; otherwise it would be unintel- 
ligible to say that it had that relation. 
What would “it” refer to? 

Now, such a conclusion is precisely 
what MacCorquodale and Meehl want 


to avoid, but it is entailed by their 
speaking of “its relation to the empiri- 
cal variables.” What should really be 
considered is whether a “correct state- 
ment” of the relationship of the number 
of reinforcements to response strength 
has been formulated. Concerning sHp 
in general, the point is that its “ex- 
istence” is a question of whether or 
not the functional relationship between 
environmental variables and response 
strength has been correctly stated, 
which is precisely why Hull retained 
the S and the R in his notation: that is, 
in order to stress the point that it 
is a mathematical relationship between 
something done to the organism and 
something done by the organism, and is 
not in itself in any precise sense a de- 
scription of the organism. 

It is interesting, however, to note that 
Hull himself makes precisely the same 
error in giving his developed account 
(10) of what he means by the apoca- 
lyptic phrase “anchoring variables at 
both ends.” He says: “. .. my own 
system . . requires that the habit 
strength (gH), afferent impulse (5), 
and drive intensity (D) must each be 
calculable from their antecedent condi- 
tions, that the nature and magnitude of 
the reaction potential (;£;) must be 
calculable from the values of gHg, $ 
and D taken jointly, and that the na- 
ture and magnitude of the several reac- 
tion functions . . . must each be cal- 
culable from E” (10, p. 281). But 
the point is that the formulae for cal- 
culating “habit strength,” “drive,” etc. 
from “their” antecedent conditions were 
derived in the first place from the series 
of experiments in which variations in 
each of the environmental variables 
listed (the others being held constant) 
were correlated with variations in the 
different measures of response strength, 
not in any sense with variations in “in- 
tervening variables.” Thus this process 
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of calculation and verification that 
Hull is describing is just a matter of 
verifying those empirical correlations 
with response strength for different 
values of the antecedent conditions— 
i.e., of checking the curve fitting at dif- 
ferent points of the curve. 

We have to be clear, then, that the 
empirically found mathematical rela- 
tions are not between (for example) 
sHp and its antecedents on the one 
hand, and between sH,p and its conse- 
quents on the other, but just between 
the antecedent and consequent events 
—in fact, that that relationship is just 
what sHp is. The other notion of what 
it is—i.e., some qualitative condition of 
the organism, a given amount of it be- 
ing produced by specified environmental 
events, and in its turn producing a 
given strength or frequency of response 
—is what MacCorquodale and Meehl 
refer to as a hypothetical construct; 
but, as I suggested, their description of 
the meaning of intervening variables 
seems in some places to imply that sort 
of notion. 

Now that might seem hardly more 
than a slip of the pen on their part, es- 
pecially since they go on to say (11, p. 
99) that “when habit strength means 
the product of the four functions of 
w, t, t, and N, then if the response 
strength is related to these empirical 
variables in the way described, habit 
strength ‘exists’ in the trivial sense that 
the law holds’—although one cannot 
see why this should be thought trivial if 
nothing else was ever expected of sHr. 
But if that really is what MacCorquo- 
dale and Meehl mean by “intervening 
variable” then why do they not press 
home their sketched-in criticism of any 
rigid hierarchy of intervening variables? 
They suggest that Tolman’s argument 
(17) that it is easier to determine the 
complicated fı function by parts than 
“as a whole” is “not very cogent.” 
They do not elaborate this point, but 
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I take it that what they are suggesting 
is that one can only do it step by step, 
so that setting up a doctrine which ad- 
vocates the use of such intermediate 
steps cannot be any contribution (if 
that is really all it offers). One might 
say that if we want to discover the 
product of 3, 4, and 5, then it is not 
really possible to multiply them all to- 
gether at once; we have to find the 
product of, say, 3 and 4 and then multi- 
ply that product by 5. But that pro- 
cedure has no advantage whatever over 
first taking 3 and 5 together, or 4 and 
5, so long as we really are concerned 
only with convenience of computation. 
In their manipulation of w, t, t’, and 
N, MacCorquodale and Meehl provide 
all the materials necessary for showing 
that the same applies to the grouping ° 
all the environmental variables studie! 
by Hull, including as well as those four 
the maintenance and stimulus variables 
effective at the time of any given trial. 
If convenience of manipulation is the 
only concern, it must be very difficult 
to show why that particular four out of 
all these factors should be taken to- 
gether, and why their product should be 
given a special name. X 
Hull, too, feels sensitive on this point, 
since he puts a similar objection int? 
the mouth of “his friend Woodrow 
(10, p. 284). His replies to it ae 
quite unconvincing: he says in the firs 
place that even if we did put all the 
subordinate equations together to form 
one, it would be found still to conta!? 
“in some form or other the mathemati- 
cal equivalents of the various equations 
linking the observable and the hypo 
thetical unobservable elements of the 
situation.” But to say that the group- 
ings are merely for convenience is tO 
deny that one is thinking of any “hyp 
thetical unobservable elements,” and a$ 
for the rest, to say that the mathemati- 
cal representatives of the observable 
elements (and the relations betwee? 
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them) would still be found in the mas- 
ter equation is to admit the point that 
“Woodrow” is making. 

Hull’s second point in reply to the 
criticism gives up the attempt to justify 
intervening variables on a formal basis 
and introduces the material considera- 
tion that the action of the four training 
variables might be temporally remote 
from that of the critical stimulus and 
the state of need. And “while it is per- 
fectly possible to put into a single equa- 
tion the values of events which occur at 
very different times,” still those past 
events cannot be causally active now, 
and “3/7; is merely a quantitative rep- 
resentation of the perseverative after- 
effects” of those four training variables 
(10, p. 285). Hull, then, groups the 
variables in this regular way not merely 
as a matter of convenience in calcula- 
tion (if indeed one way could be more 
convenient than another), but also be- 
cause he regards the variables in any 
group as acting together to build up 
some specific condition in the animal, 
and the intervening variable based on 
that group would then be thought of, 
if not actually as a “measure” of that 
condition, at least as varying quantita- 
tively in direct relation with it. 

One might contend, then, that some 
such speculation about the accompany- 
ing qualitative states could be the only 
reason for clinging to a set order of 
groups and giving names to their prod- 
ucts when these products have still to 
be combined to discover the probability 
of a given response. But as “calcula- 
tional devices,” the only solid content 
for the notion of “intervening variables” 
is just the collection of correlation co- 
efficients between response strength and 
each of the empirical variables found 
relevant to it. Without some such 
mathematical form we could not give 
even this slight meaning to the term 
“intervening,” since we would be left 
only with the assertion that a given 


229 


factor has some causal connection with 
a given response, and causality does not 
in any sense intervene between ante- 
cedents and consequents—it is just the 
antecedent event that produces the con- 
sequent, not “causality.” 

The finding of such relationships, by 
the way, indicates the only sound mean- 
ing for the phrases “empirical variables” 
and “empirical relationships”—that is, 
what is really meant is more like “em- 
pirically-found relationships,” and even 
here, for the empiricist, the phrase is 
redundant, since there is no other way 
of arriving at knowledge than by find- 
ing it empirically. By using the word 
in this way, MacCorquodale and Meehl 
convey a vague suggestion that empiri- 
cal relationships are to be compared, 
unfavorably, with more certain, more 
fundamental, more intelligible “laws,” 
and it is strange that this hint of the 
rational is to be found amongst the 
positivists at large (e.g., 7). 

One point that helps to preserve this 
distinction in thought is that it is very 
difficult to discover perfect regularity in 
the sense of coextension when we are 
looking for causal connections. Fre- 
quently one can find only conditions 
that are sufficient but not necessary, or 
necessary but not sufficient. This has 
also led to the current suspicion that 
there must be something wrong with 
causality, has led to the not-talking 
about it, and to the being content with 
(and compensatory exaltation of) cor- 
relation coefficients and statements of 
probability in general. Without deny- 
ing the usefulness of such mathematical 
procedures as a first approach to a con- 
fused field, one can still say that the 
rejection of indeterminism will involve 
denying the adequacy of probabilities 
in science, and will involve affirming 
the presence of a criterion for every 
case in which a necessary condition is 
not also sufficient, and vice versa. That 
is to say, it is always theoretically pos- 
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sible to extend our knowledge of the ef- 
fective conditions until we arrive at a 
set that is necessary and sufficient for 
any given event. In seeking causes, 
such criteria can only be found by con- 
sidering both the nature of the thing in 
which the change is produced and the 
nature of the thing acting on it (1). A 
recognition of this principle seems char- 
acteristic of the work of those scientists 
who increase the number of general 
Propositions known in their subjects. 
To take only two examples in psychol- 
ogy, there is the recent work of Tin- 
bergen (16) with his emphasis on the 
need for both a specific type of stimu- 
lus situation and a specific bodily con- 
dition for the production of an instinc- 
tive response; and there are the explicit 
formulations of Freud (8), which might 
have prevented a good deal of the 
dreary heredity-environment controversy 
if they had been better known. Wat- 
sonian behaviorism, then, was based on 
a false premise—‘. . . given the re- 
sponse the stimuli can be predicted; 
given the stimuli the response can be 
predicted” (18, p. 167)—since the same 
stimulus situation will produce different 
responses in the same animal according 
to changing conditions in the animal, a 
point recognized in part by Hull in his 
emphasis on D. 

If psychology is ever to make predic- 
tions, then, rather than mere statements 
of probability, it is, in MacCorquodale 
and Meehl’s terms, committed to “hy- 
pothetical constructs” or, more pre- 
cisely, to making hypotheses (and try- 
ing to verify those hypotheses) about 
what processes in the animal mediate a 
given change in its behavior. As Berg- 
mann points out (4), these hypotheses 
will be assertions that processes of a 
kind which we have known in other 
places are going on (so far unobserved) 
in this place—the point being that we 
can arrive at the notion of any term or 
kind only by confronting such a kind, 
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only from experience. Where else could 
we get the material for our fantasies? 
Wherever we seem to “construct” the 
notion of a kind, it is always by Con- 
joining properties that we have encoun- 
tered (separately) in actual things— 
and if that is so, then it is sufficient 
to dispose of the doctrine that there 
can be “convenient fictions” in science, 
when these are said to be neither er 
nor false. MacCorquodale and Meeh 
themselves reject this latter doctrine, 
but their retention of the phrase “hypo 
thetical constructs” renders them liable 
to be misunderstood as supporting ! 
(cf. Bergmann, 3), as does their qig 
tion whether constructs are “existentia 
—as though it were a real possibility 
that we could talk about some fking 
which was not existential. ME 
Now, “intervening variables” in t 
sense described above—as correlations 
between events impinging on the organ- 
ism and responses produced by the of 
ganism—cannot be states or properties 
or qualities of the organism itself, eve? 
though they presuppose the existence o! 
such qualities. The environmental va- 
ables may have been grouped in a spè- 
cific way (as Hull’s are) because 0 
some tentative speculation about a SP&* 
cific change produced in the animal bY 
each group, but even so, and even } 
these speculations are put forward, ‘the 
mathematical relations remain distinct 
from the hypothesized processes which 
are held to account for them. This 15 
a point overlooked by MacCorquodale 
and Meehl when they say (11, p. 101) 
that “there are various places in Hull’s 
Principles where the verbal accompani- 
ment of a concept, which in its mathe- 
matical form is an intervening variable 
in the strict (Tolman) sense, makes it 
a hypothetical construct.” That makes 
it seem that they always have half 
thought of intervening variables as be- 
ing in some very vague sense “in” Or 
“of” the organism (and have accepted 
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them thus as legitimate), the only point 
being that they are not to be ascribed 
properties, not to be characterized in 
any way (cf. O'Neil, 12), else they be- 
come hypothetical constructs. This sug- 
gestion is borne out in their discussion 
at Skinner’s treatment of emotion as 

a ‘state of the organism’ which alters 
the proportionality between reserve and 
strength.” They say (p. 102): “The 
‘state’ of emotion is not to be described 
In any way except by specifying (a) 
The class of stimuli which are able to 
produce it and (b) The effects upon re- 
Sponse strength. Hence emotion for 
Skinner is a true intervening variable, 
in Tolman’s original sense.” Now, 
Previously they had described “state” 
as a “wholly noncommittal word” which 
specifies “nothing except that the condi- 
tions are internal” (p. 97). But this 
Point about internality is precisely the 
one at issue in discussing the fallacy of 
hypostatization. We may agree that 
there always will be some condition of 
the Organism in virtue of which, in 
Specified circumstances, a given re- 
Sponse will be produced, but, in direct 
contradiction to MacCorquodale and 
Meehl, it must be described in ways 
other than its relations to its anteced- 
ents and its consequences (or in general 
its relations to anything); otherwise 
(vide supra) statements about what 
produced i# and what i£ produced (or 
about any of its relationships) will not 
be intelligible. In saying that it is not 
to be described except by specifying 
those relations, and in saying (by call- 
ing it a “true intervening variable”) 
that it is identical with the “empirical 
relations” and yet is a state of the or- 
ganism, MacCorquodale and Meehl are 
setting up the notion of something 
whose whole nature it is to stand in a 
given relationship. Even if it is ob- 
Jected that it is the organism that has 
the relationships, and that they are not 
its whole nature (since it has many 


other properties) but only a part of it, 
still this modified doctrine faces the 
same difficulty—namely, that it is 
strictly “unspeakable” (2) since we can 
only grasp a relationship if we can dis- 
tinguish the terms that have it to each 
other; that is, seeing them as distinct, 
as having distinct natures, is a part of 
seeing them as related. If we say that 
its relationship to a certain stimulus 
situation is part of the organism’s na- 
ture, then the whole relation (including 
its other term, the stimulus) seems to 
be brought within the organism, so that 
we cannot really understand the asser- 
tion that there is this relationship be- 
tween distinct terms (this being the 
insuperable problem for Lewin’s life- 
space). 

This unworkable view that a thing 
can be in whole or in part made up of 
its relationships is the crux of hypos- 
tatization—of all doctrines of unseen 
forces or magical entities. This may 
be seen more clearly if we consider 
the organism’s relations to its own re- 
sponses. For the most part, a response 
really stands logically as a new prop- 
erty of the organism, i.e., as a change 
in its nature, and so of course it is a 
part of the organism. But we are con- 
cerned with the relationship of this new 
property to the state of the organism 
immediately prior to its appearance, 
and if we make that relationship a part 
of the preceding state of the organism, 
then we have the characteristic form of 
the fallacious doctrines we are discuss- 
ing; that is, the organism produces 
that response simply because it is in its 
nature to act in that way—it has a pro- 
pensity to do so. At one stroke we are 
absolved from seeking for those actual 
states of the animal which determined 
that, under some specific stimulation, 
it would produce that response, and 
from discovering precisely what the 
stimulus is, since it would seem merely 
an “inclining” cause at most, being in 
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fact a necessary but not sufficient con- 
dition. 

This is the very fallacy MacCorquo- 
dale and Meehl are criticizing in their 
attack on the use of libido to explain 
features of behavior, but they mis- 
takenly think it appears when libido is 
ascribed properties of its own, and that 
the way to avoid the fallacy is carefully 
to keep its nature devoid of any surplus 
meaning, i.e., surplus to “its” functions. 
The same prescription seems to be the 
one central to operationism, and though 
in the long run it goes astray, it is pos- 
sible to see some force in it in one spe- 
cific connection—namely, in the defi- 
nition of dispositional concepts, with 
which in one place MacCorquodale and 
Meehl identify intervening variables as 
they conceive them. We must sympa- 
thize with at least the policy implied in 
Stevens’ cry: “Only then shall we never 
think of energy or consciousness as a 
substance . . .” (15, p. 330). 

Taking “solubility in water” as a dis- 
positional concept, then following Berg- 
mann’s argument (3, p. 98), a proper 
(positivistic) definition of it would be 
to say, e.g., that “x is soluble in water” 
means “if x is put in water, it dis- 
solves.” The verification of the first 
sentence is held to be completely re- 
ducible to that of the second, which 
implies (and Bergmann makes this quite 
explicit) that the words in the first sen- 
tence mean precisely the same as the 
words in the second sentence. (Some 
positivists hold that this complete re- 
ducibility applies to all defined con- 
cepts, though that extreme view seems 
to have been modified by Carnap [5, p. 
464, ff.]. The general proposition that 
all definitions are nominal comes down 
to saying that there is no such thing as 
coextension, which, as I suggested 
above, is tantamount to a rejection of 
determinism.) Now, it seems to me 
that the suggested definition is deficient 
in that it does not take into account ob- 
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jects which in fact would dissolve in 
water but which never are placed in 
water. (Modern symbolic logic would 
hold that the defining sentence could be 
converted to “either x is not put in wa- 
ter or x dissolves,” and that if the first 
of these disjuncts is satisfied by x never 
being put in water, then the whole sen- 
tence is true of x—i.e., the conditions 
for x being soluble are satisfied, and the 
definition is held in this way to be ade- 
quate even for the negative instances. 
But if we admit that meaning of “either 
++. or... ,” then, as Carnap points 
out [5, p. 440], the definition would in- 
clude not only lumps of sugar that are 
not put in water, but also such things 
as a wooden match that is not put in 
water—anything, in fact, that does not 
meet that fate would “satisfy the con- 
ditions” for being soluble in water.) 
The difficulty can be met, however, 
by amending the definition to read “* 
is of such a nature that if it is put 
in water, it dissolves,” even though we 
do not know what that “nature,” that 
common quality or character of soluble 
things, may be. Now, in principle, the 
verification of the presence of this char- 
acter is not completely reducible to the 
observation that when x is put in water 
it dissolves, since any quality is theo- 
retically observable, and its presence 
then could be established (if we knew 
what it was) by direct observation, 
without the necessity for observing its 
effects. But one might say roughly that 
the verification of solubility is thus re- 
ducible because (and this in my view 1S 
the point the positivists are really get- 
ting at here) it is not the character in 
question. To call a thing “soluble 1s 
just to say that it has some unspecified 
character in virtue of which specified 
events produce a specified change in it, 
and that it retains that character even 
when those events do not materialize. 
In itself it merely poses the question, 
what this character is, but it is very fre- 
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quently used as if it were the answer to 
that question—as if it were that char- 
acter itselfi—and that, in fact, is the 
typical way in which hypostatization 
occurs. 

Tronically, however, by its very in- 
sistence that dispositional concepts are 
not “substances” and do not have “sur- 
plus meaning,” positivism sometimes 
leads to precisely the sort of mysticism 
it is trying to make impossible. That 
is, it is taken up wrongly (even by 
many positivists) as suggesting that 
there is no characteristic there in virtue 
of which the events in question take 
place, that the mysticism lies in going 
on to look for it, that the scientific pro- 
cedure is to be content with “solubility,” 
and that we cannot fall into confusion 
as long as we rigidly exclude from our 
thinking any suggestion of quality or 
“substance” in the matter at all (fail- 
ing to see that it is only from the no- 
tion of “solubility” itself that it must 
be excluded). But such a course of 
thought (which seems to be MacCor- 
quodale and Meehl’s) makes the fallacy 
inevitable; if there is no relevant quality 
there, nothing which produces the dis- 
solving but is describable in terms which 
make no reference to producing that ef- 
fect, then that relationship (to dissolv- 
ing) must be thought of as just “being 
in the nature of the thing.” Not only 
is such a notion not itself a solution, but 
while it is retained it specifically makes 
a solution impossible. 

The reply might be made in defense 
of MacCorquodale and Meehl that they 
plainly do recognize the possibility of 
finding the qualitative processes mediat- 
ing any response since they recognize 
“hypothetical constructs” as scientifi- 
cally legitimate. But in my opinion 
the error remains; for them it is #ot 
that the hypothetical construct is found 
alongside of, and mediating, the inter- 
vening variable—not that the qualities 
which determine that given events pro- 
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duce given consequences still remain 
distinct from that relation between ante- 
cedents and consequences. Rather it is 
that “the existence propositions . . . 
automatically make the construct ‘hypo- 
thetical’ rather than ‘abstractive’” (11, 
p. 99)—i.e., the intervening variable 
becomes a hypothetical construct in the 
ascription ¢o it of qualitative content. 
This is a further indication of what is 
made plain in their discussion of Skin- 
ner’s “emotion”: that the true interven- 
ing variable is thought of as a “state” 
internal to the organism, in some sense 
part of its constitution yet stripped of 
all qualitative content—and in that case 
it can only be the relativistic, mystical 
sort of notion that they are confusedly 
setting out to attack. 

Although I said that there is one real 
set of facts indicated by some of Mac- 
Corquodale and Meehl’s uses of the 
term “intervening variable’—namely, 
the mathematical relations between 
types of event impinging on the organ- 
ism and types of response produced by 
it—it does not seem to me that the 
term “intervening variable” is neces- 
sary or suitable for referring to it, partly 
because of other explicit meanings that 
have accrued to it, and partly because 
the words themselves inevitably sug- 
gest some state-like thing that inter- 
venes between stimulus and response. 
A relation is not “between” its terms 
even in the most neutral way; one 
should say, rather, that they have, or 
stand in, that relation. 

The mere giving of a name or symbol 
to those relations strengthens the ever- 
present temptation to slip into the “im- 
aginary force” way of thinking, espe- 
cially when the correlations are less 
than unity. In this case we cannot say 
that the stimulus in question produces: 
the specific response (because there are 
some cases in which it does not), but if 
we remain convinced that there is some 
connection, then we are likely to say 
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that the stimulus results in a tendency 
to produce that response. But this 
tendency regularly finds its way inside 
the organism (because of a confused 
recognition that the state of the organ- 
ism has something to do with it), and 
appears as a “demand” or “propensity” 
(or any of the multifarious species of 
“tendency”) to make that response. 
(As “valence” it has found its way into 
the stimulus-object—i.e., the stimulus 
has “a tendency” to produce the re- 
sponse.) 

Now, the use of “intervening vari- 
ables” is sometimes defended by insist- 
ing that they are “imaginary” forces 
and are never intended as anything else. 
Their sole function is to help us grasp 
the observed facts and to organize our 
thoughts about them. But it is possible 
for our thoughts to be “organized” in a 
way that is mistaken or even meaning- 
less. It may for the most part be true 
that the actual verbal forms are nothing 
but ways of expressing the observed 
connections, but the mere fact of offer- 
ing “intervening variable” statements 
makes it vaguely seem that our knowl- 
edge is being extended, and that we are 
“getting to understand the facts better” 
in the sense of seeing how they are pro- 
duced. The attribution of events to 
occult forces is rarely explicit because 
then it is so blatantly unscientific; it 
creeps in unacknowledged and gains its 
influence by default, as it were—by our 
failing to look for the actual causes. 

To discover causal relations (which 
are always coextensive relations) we 
must take into account not only the na- 
ture of the forces acting on the thing in 
which the changes are produced, but 
also the properties, especially the fluc- 
tuating ones, of that thing itself (which 
in psychology will, for the most part, 
be, of course, the Organism). When we 
discover which of its actual properties 
are involved in any given reaction, then 
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the need to fall back on imaginary 
forces whose sole function is to produce 
those effects (i.e., on “intervening vari- 
ables”) will have disappeared. 
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RESPONSE FACTORS IN HUMAN LEARNING? 
GEORGE MANDLER 


Yale University * 


Theoretical treatments of human 
learning phenomena have been largely 
confined to an analysis of stimulus 
variables. In recent years, however, 
more attention is being paid to response 
factors, especially in the investigations 
of Underwood (28), Morgan and Un- 
derwood (20), and Osgood (22). This 
paper will present a theoretical frame- 
work, applicable to human learning and 
thinking problems, which will stress re- 
sponse factors. Attention will also be 
paid to the point, made by McGeoch 
(18) and others, that most “new” 
learning in human adults is at least 
partly a transfer phenomenon. The 
paper will be particularly concerned 
with the differentiation of stimulus con- 
ditions depending on the evocation of 
responses made by the organism, the 
relationship between overt and sym- 
bolic responses, and the transfer and 
overlearning of these responses. Thus, 
stimulus factors will be viewed as de- 
pendent upon the particular response 
repertory and previous experiences of 
the individual. This is in line with 
the position of Sperry (27) who has 
recently argued, from a_ neurological 
point of view, for a response approach 
to problems of perception and think- 
ing. 

The definitions and assumptions 
which represent the theoretical struc- 
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ture will be specified and some appli- 
cations will be given, with particular 
reference to the effect of overlearning 
on transfer. The reader will note that 
some of the assumptions are deductive 
corollaries of others, or are related to 
other theoretical systems. For the pres- 
ent purposes they will be stated as 
assumptions. 


DEFINITIONS 


Stimulus. The term stimulus will be 
used as defined by Hull (15), essentially 
in terms of receptor input. Hull de- 
fined as “actual stimuli” those events 
which activate a receptor. 

Overt response. This term will refer 
to any observable activity of the organ- 
ism. 

Symbolic response. A human organ- 
ism will be considered to have made 
a symbolic response analogous to the 
overt response if he reports the per- 
ception of the overt response without 
performing the overt response. 

Reinforcement. The term reinforce- 
ment will refer to an event in the en- 
vironment which indicates to an indi- 
vidual the correct performance of a re- 
sponse. (No position is taken in this 
paper as to the specific mechanism of 
reinforcement. Presumably the above 
formulation is consistent with all cur- 
rent theories of reinforcement.) 


ASSUMPTIONS 


The Differentiating Response 

1. A stimulus is differentiated from 
other stimuli when it evokes a response 
different from the response evoked by 
other stimuli. This differentiating re- 
sponse will be designated as Rg. The 
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Rs can belong to any class of responses, 
i.e., it can be verbal, motor, or symbolic, 
depending on the original learning ex- 
periences of the individual. 

2. When identical Rs responses have 
been frequently reinforced for two or 
more different stimuli, these stimuli, 
other things being equal, will be per- 
ceived as identical. Conversely, when 
different Rg responses have been re- 
inforced to two or more different stim- 
uli, these stimuli will be perceived as 
different. Identity or difference of 
stimuli, qua stimuli, depends solely on 
receptor stimulation, but identity or dif- 
ference in the perception of these stim- 
uli depends upon the differentiating re- 
sponses. Thus identical stimuli cannot 
be perceived as different, but different 
stimuli can be perceived as identical. 
Another important implication is that 
two stimuli which differ in receptor stim- 
ulation, but do not evoke any differenti- 
ating responses, cannot be perceived as 
different. 

3. Several different differential re- 
sponses can be associated with any one 
stimulus and, other things being equal, 
they will differ only in terms of the 
probability of their evocation, which is 
a function of their reinforcement his- 
tory, as in Hull’s “habit family hier- 
archy” (14), 

It will be noted that the present 
concept of differentiating responses js 
closely related to Dollard and Miller’s 
(7) concept of Cue-producing responses, 
Their description of attaching the same 
(or distinctive) cue-producing responses 
to distinctive (or Similar) stimulus ob- 
jects does not differ from the present 
treatment. The Present statement does 
imply, however, that stimuli cannot be 
differentiated unless different Tesponses 
are evoked. 

The adult human Organism responds 
to complex stimulus Situations with a 
variety of previously learned responses 
which in turn become the stimuli in 


the learning of new responses, i.e., they 
“mediate” the new associations. Thus, 
in a concept-formation experiment, the 
learning of a nonsense syllable response 
to all “green” stimuli is an example of 
mediated learning. On the other hand, 
a child’s learning to differentiate the 
colors “red” and “green” (different 
stimuli) by differentially attaching the 
two verbal responses would be consid- 
ered original learning. 


Response Integration 


1. Many responses performed by hu- 
man organisms consist of aggregates of 
several subresponses which may be in- 
nate or acquired. 

2. With successive repetitions of a 
response aggregate, the separate re- 
Sponses eventually become stimuli for 
each other such that any part of the 
response aggregate will tend to evoke 
the whole response aggregate. This 
Process will be referred to as integra- 
tion of the response. 

3. Integration is an increasing func- 
tion of reinforced Tepetitions of the re- 
sponse aggregate. 

4. The growth of integration is de- 
pendent upon the elimination of re- 
sponses which prevent or delay re- 
forcement (as in “anticipatory errors”). 

5. The integration or association of 
two responses proceeds more rapidly 
than the association of a response with 
a stimulus. Thus, it is easier to learn 
a new response to a stimulus which al- 
ready evokes a differentiating response 
than to a new unfamiliar stimulus. 

6. The integration of a response ag- 
regate proceeds more rapidly when the 
Tesponse units belong to the same ef- 
fector modality. Differences in effector 


2 Integration as used here does not refer to 
the simple chaining of responses, but rather to 
the simultaneous elicitation of an aggregate of 
responses. Responses that occur as overt 
chains very often are integrated, in the pres- 
ent sense, at the symbolic, Perceptual level. 
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modality refer to differences in effector 
organs utilized in making the response. 
Thus it would be easier to integrate two 
verbal responses than a verbal and a 
motor response. 

This conception of integration is 
closely related to Hollingworth’s (11) 
concept of redintegration. Guthrie (9) 
has modified Hollingworth’s concept in 
terms of parts of a response tending to 
condition each other. 


Symbolic Responses 

1. Any overt response which is per- 
ceived by a human organism evokes a 
symbolic response analogous to the 
overt response. 

2. The symbolic response tends to be 
activated whenever the overt response 
is performed. Evocation of the sym- 
bolic response, however, tends to elicit 
the overt Rg only if motivation to per- 
form the response is present. 

3. Whenever a stimulus evokes two 
separate integrated responses, the two 
symbolic analogues may also be acti- 
vated and associated so that, on future 
presentations of a stimulus which evokes 
only one of the responses, both symbolic 
responses will be activated. 

4. Symbolic responses can be asso- 
ciated with other symbolic or nonsym- 
bolic responses. In particular, they can 
be associated with verbal responses. 

5. Previously learned verbal re- 
sponses can have inhibiting effects 
which prevent occurrence of an overt 
response. When a particular overt re- 
sponse no longer leads to reinforcement, 
verbal statements as to its incorrectness 
can be attached by this experience to 
the symbolic analogue. On future oc- 
casions when the symbolic response 
occurs anticipatory to performing the 
overt response, the inhibiting verbal 
response can effectively forestall the 
error. 

6. In a learning task, the symbolic 
analogue of a response aggregate will 


differ from one trial to the next as long 
as irrelevant overt responses are still 
present and errors are still made. Thus, 
irrelevant responses which do not pre- 
vent, but are also not correlated with, 
reinforcement will from time to time 
be represented in the symbolic analogue. 
Necessary overt responses will continue 
to be represented and reinforced, while 
the irrelevant responses will drop out. 
In particular, the symbolic analogue is 
expected to be most distinctive and con- 
stant after many contiguous repetitions 
of the same response aggregate, i.e., 
after errors have been eliminated and 
overt performance has reached an 
asymptote. 

The actual modality of the symbolic 
response is not relevant to the applica- 
bility of this concept. It appears ad- 
visable to leave stipulation of modality 
unspecified, which makes it possible to 
extend the concept of symbolic re- 
sponses to both verbal and nonverbal 
behavior. 


APPLICATIONS 


In this section an attempt will be 
made to integrate, in terms of the pres- 
ent theoretical framework, some of the 
empirical results that have been ob- 
tained in studies of human learning. 
The studies quoted are intended to be 
representative of the empirical data in 
a particular area rather than exhaustive 
listings of these data.* 


Learning of Differentiating Responses 
It is to be expected that complex stim- 
uli will evoke several differentiating re- 
sponses previously learned to different 
parts of the stimulus pattern. At the 
same time, however, differentiating re- 
sponses can be learned to the total stim- 


4In the present discussion, no statements 
have been made about the effects of differ- 
ential motivation and related concepts. Such 
phenomena are presumably operative in ad- 
dition to the effects discussed here. 
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ulus. Rossman and Goss (24) found 
that, while subjects used recently ac- 
quired verbal differentiating responses 
to distinguish stimuli in new paired- 
associates tasks, they looked for “iden- 
tifying parts” of stimulus terms more 
frequently and found these more help- 
ful. We would expect such a preference 
since highly overlearned responses to the 
identifying parts presumably have a 
higher degree of probability of evoca- 
tion than recently learned nonsense syl- 
lables. 

On the other hand, adult human be- 
havior also provides many examples of 
the association of identical differentiat- 
ing responses to different stimuli. Thus, 
the same word written in several dif- 
ferent handwritings or in print will 
evoke the identical response and will 
be perceived as identical unless differ- 
entiating responses referring to the stim- 
ulus differences are actually evoked. 

Differentiating responses will be asso- 
ciated not only with the experimentally 
controlled stimulus but also with other 
aspects of the total situation. The in- 
tegrated response is reinforced in the 
context of the experimental situation, 
particularly in regard to the experi- 
menter, the apparatus, and so forth. A 
recent study by Bilodeau and Schlos- 
berg (3) showed more retroactive inhi- 
bition when the experimental room was 
the same for both tasks than when the 
interfering task was learned in a dif- 
ferent room. 

Prior training with attendant integra- 
tion of a differentiating response is ex- 
pected to shorten the learning process 
on future occasions when that response 
is used. Hovland and Kurtz (12) found 
that prior familiarization with nonsense 
syllables facilitated learning of lists us- 
ing those nonsense syllables. 


Concept Formation 


Under this heading will be discussed 
only those aspects of so-called concept 
formation in which a subject is required 


to learn a common response to a class 
of stimuli. The experimental situation 
has most frequently been exemplified by 
Heidbreder’s experiments ( 10). 

It is assumed that in the presentation 
of a number of stimuli, many differen- 
tiating responses will be evoked by each 
stimulus. The stimuli will have been 
predifferentiated to varying degrees, and 
different aspects of each stimulus will 
evoke different responses. In most cases 
these responses are verbal responses 
which also elicit their symbolic ana- 
logues. At the same time, the subject 
learns to make the new paired-associates 
response (nonsense syllables in Heid- 
breder’s experiments). These new re- 
sponses, which have never before been 
evoked in the presence of these particu- 
lar stimuli, are now associated with the 
already learned symbolic responses. In 
the process of successive presentations, 
the symbolic response which corresponds 
to the “concept” will be associated more 
frequently than any other with the new 
response. Thus, if one of the prior dif- 
ferentiating responses is “face,” then the 
new response (the nonsense word) will 
be associated with the symbolic ana- 
logue “face.” In successive presenta- 
tions of instances of this concept, this 
association will be reinforced so that, 
eventually, the evocation of the sym- 
bolic response “face” will also evoke the 
new name of the concept—the correct 
nonsense response. Figure 1 shows a 
schematic representation of this process; 
Rs. is the symbolic response common 
to the stimuli, and will be more fre- 
quently associated with the concept re- 
sponse than 9 
Sponses. This is similar to Hull’s (13) 
theoretical des 
mation. The 
Present formulation, 
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Fic. 1. Two instances of the same concept 
(Stimuli 1 and 2) eliciting one common 
(“face”), and several different, differentiating 
Tesponses 


that ease of concept attainment is a 
function of the discriminability of the 
stimuli. Her findings imply that degree 
of previous learning of the differentiat- 
ing response determines ease of con- 
cept learning. In the extreme case, it 
would be expected that a stimulus which 
evokes no previously learned differen- 
tiating responses—the completely “un- 
familiar” stimulus—could not be one 
of a class of “similar” stimuli. On the 
Other hand, stimuli which have been 
maximally differentiated, i.e., with a 
high probability of evocation of a dif- 
ferentiating response, provide highly 
integrated responses, potent symbolic 
responses, and easy association with the 
new response. 


Response Generalization 

The general statement of this phe- 
nomenon usually implies that the learn- 
ing of a response to a particular stimu- 
lus will facilitate the learning of similar 
responses to the same stimulus. This 
similarity can be specified in two di- 
mensions. It can be either a similarity 
of overt parts of the two responses or 
a similarity of symbolic responses, as in 
the use of synonyms in Morgan and 
Underwood’s experiment (20). An at- 
tempt will be made to show that re- 
sponse integration and symbolic re- 
sponses are sufficient to explain the 
phenomena usually described as re- 
sponse generalization. 
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Similarity in terms of elements in- 
volves a communality of some of the 
parts of an integrated response. Sub- 
stituting a new unit for one of the orig- 
inal units of the integrated response 
does not affect the integration of the 
units which are common to both aggre- 
gates. If it is assumed that the re- 
placed unit can be dropped out fairly 
efficiently, this situation should produce 
faster learning than one in which all 
the units have to be integrated. 

Similarity of symbolic responses, i.e., 
in the meaning realm, is comparable to 
the concept formation situation. The 
two synonymous responses both evoke 
a common symbolic response. As a con- 
crete example, two of the synonyms used 
by Morgan and Underwood (20) were 
“dirty” and “unclean.” To the extent 
that these two responses are associated 
with a common symbolic concept such 
as “filth,” paired associate learning of 
the second response will be mediated by 
the common concept. Figure 2 dia- 
grams this process. The common sym- 
bolic response, however, need not be as 
specific as the one used in the example, 
and it may be nonverbal. Morgan and 
Underwood also found that different de- 
grees of synonymity are reflected in the 
degree of response generalization. The 
position taken here is that synonymity 
is a function of common symbolic rep- 
resentation of the two differentiating re- 
sponses, which in turn would affect re- 
sponse generalization as found. A simi- 
lar point of view, describing meaning as 
a function of commonly associated re- 


STIMULUS A —> DIRTY<—> FILTH 


TASK 1 
TASK 2 STIMULUS A —> FILTH <—> UNCLEAN 
Fic. 2. The mediating and facilitating ef- 


fect of a common symbolic concept in the re- 
sponse generalization of two synonymous re- 
sponses 
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suggest that, with increasing training on 
the original task, the number of correct 
responses on the reversal transfer task 
increases (response facilitation through 
transfer of a previously integrated re- 
sponse), but that specific errors also 
increase (interference due to previous 
reinforcement of the now incorrect re- 
sponse). 

2. Learning to make an old response 
to a new stimulus. In this condition, 
the primary factor is assumed to be the 
integration of the response, i.e., the sub- 
ject learns how to perform the response. 
Since the response has been learned not 
only in the presence of its original stim- 
ulus, but also is associated with all 
other constant aspects of the experimen- 
tal situation, the probability of its evo- 
cation is high, and once evoked and re- 
inforced in the transfer situation, the 
rate of learning of the new association 
will be partly a function of the integra- 
tion of the response and its association 
with the context cues. It should be 
pointed out, however, that measurable 
transfer will reach a maximum before 
response integration does. For example, 
if the new association is learned on the 
first or second trial of the transfer task, 
increased integration of the response on 
the original task will show little meas- 
urable transfer effects. The prediction 
in this situation would be increasing 
positive transfer as a function of correct 
repetitions of the response on the orig- 
inal task. 


The earliest relevant study is that of 
Bair (1), 


iously used, he obtain 
fer. Bruce’s data (4) 
for warm-up effects, 
positive transfer as q 
learning is increased. Bunch and Win- 
ston (5) obtained clear positive transfer 
effects when a Previously learned non- 


» again corrected 
show increasing 
€gree of original 


sense syllable response had to be learned 
to a new stimulus. ; 

The paucity of data in the literature 
relevant to this problem is compensated 
for by their unequivocal direction. 
However, one important implication 
from the present position has been given 
little experimental verification: if the 
response on the original task is pangs! 
highly integrated (e.g., in the use A 
adjectives), then transfer effects shou : 
be minimal. In other words, amount o 
positive transfer in this situation is 
partly a function of degree of integra- 
tion of the response at the beginning 
of the original task. The evidence that 
is available, however, is confirmatory 
(25). 

3. Learning to make an old response 
to an old stimulus when these have not 
been previously paired. Three factors 
influence learning in the transfer task: 

a. The integration of the response 1n 
the original task: facilitating effect. 

b. The probability of evocation of the 
response, now incorrect, learned in the 
original task: interfering effect. 

c. The symbolic “inhibition” of that 
incorrect response: counteracts the in- 
terfering effect of b. 

At low degrees of learning, up to 
maximal strength of the original asso- 
ciation, we would predict variable posi- 
tive or negative transfer effects, a 
pending on the relative strength of t A 
facilitating and interfering effects a an 
b. When the symbolic analogue has 
become stable (at high degrees of over- 
learning), there would be an increasing 
tendency toward positive transfer as 
the interfering effect of b is counter- 
acted by c. aes 

One additional factor, however, 43 amr 
portant in this particular condition. 
The differentiating responses evoked by 
the stimulus may be integrated to a 
greater or lesser degree with the re- 
sponse learned in the original task. In 
Conditions 1 and 2, this factor is pre- 
sumably of minor importance, In Con- 
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dition 1, the old response is never re- 
inforced in the transfer situation, and 
the integration would be additive to the 
general interference effect so that like- 
modality responses would lead to greater 
initial interference. In Condition 2, the 
effect might delay the increasing positive 
facilitation since part of the integrated 
response (the previously correct differ- 
entiating response) has to be eliminated. 
In Condition 3, however, these two ef- 
fects would not only be additive, but the 
constant re-evocation of parts of this in- 
tegration would interfere with the elici- 
tation of either part alone. A recent 
study by Porter and Duncan (23) has 
shown greater negative transfer in Con- 
dition 3 than in Condition 1, when the 
stimulus and response elements were 
both verbal, which would favor inte- 
gration of stimulus and response ele- 
ments. In their discussion, the authors 
point to the possibility of the response 
re-evoking the stimulus and thus lead- 
ing to greater interference. 

If the differentiating response is ver- 
bal and the newly learned response (in 
the original task) motor (i.e., if the two 
responses belong to different effector 
modalities), we would predict that the 
integration of these two components 
would be minimal and would show less 
negative transfer than Condition b 
Siipola and Israel (26) have presented 
data bearing on this latter expectation. 
Subjects were pretrained to learn a 
series of responses on telegraphic keys. 
They were then presented with the orig- 
inal task in which these codes had to 
be associated with letters of the alpha- 
bet. In the transfer task, the same 
stimuli and responses were used, but 
their combinations were changed. The 
data, measuring transfer as a function 
of training on the original task, show 
slight initial negative transfer followed 
by a large positive transfer effect. 

Kline’s (16) subjects paired authors’ 
names with book titles. He found that, 
with greater degrees of prior knowledge 
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of the correct authors’ names, paired- 
associates learning was easier even when 
the correct response was to give wrong 
authors’ names to the book titles. His 
evidence for decreased interference as a 
function of increasing familiarity is con- 
sistent with our prediction. 


CONCLUSION 


Further empirical verification of the 
above predictions should precede the 
application of this theoretical frame- 
work to more complex problems. The 
general emphasis on the model presented 
here has been on the importance of re- 
sponse factors in activities of the hu- 
man organism prior to its introduction 
to an experimental situation. Phenom- 
ena such as stimulus discriminability are 
assumed to be a function of such previ- 
ous experiences. In these terms, the 
differentiation of stimuli varies from in- 
dividual to individual, and any general 
description of the discriminability of a 
stimulus only refers to the communality 
of experiences a group of individuals has 
had in learning differentiating responses 
to that stimulus. Thus, statements 
about stimuli, other than those refer- 
ring to receptor stimulation, are lim- 
ited to common social and learning ex- 
periences of subjects. In the past, stud- 
ies such as Gibson’s (8) have used 
stimuli and responses (with relatively 
homogeneous groups of subjects) which 
were most likely to result in similar dif- 
ferentiating learning experiences. 

In reference to transfer effects, Guth- 
rie’s warning (9) that transfer is spe- 
cific and not general has been taken 
account of. Particular attention has 
been paid to the fact that most human 
activities involve highly overlearned re- 
sponses and response aggregates, and to 
the relevance of this phenomenon to 
transfer effects. If the predictions made 
concerning the differential effects of a 
subject’s experiences with the stimuli 
and responses are borne out, then such 
long-accepted generalizations as Wylie’s 
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(30), that “the transfer effect is posi- 
tive when an old response can be trans- 
ferred to a new stimulus, but negative 
when a new response is required to an 
old stimulus,” need re-examination. 
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A frequent source of uneasiness 
among psychologists is the increasing 
recklessness with which the stimulus- 
response type of theory, after years of 
servitude in animal laboratories, is be- 
ing let loose among some of human psy- 
chology’s most cherished preserves (11, 
22, 37, 42, 48, 49). Many have long 
felt (46, 53) that even what lower ani- 
mals do depends in some sense on what 
they “realize” about their environment, 
so that a psychology which does not 
have cognitions or perceptions as its 
basic concepts is poorly equipped for 
the study of infrahuman species. And 
many more can see, with a prophetic 
confidence paralleled only among the 
early opponents of experimental psy- 
chology, that S-R theory cannot pro- 
gress very far with human behavior, 
because human beings do not just per- 
form blind, automatic reflexes; they 
know what they are doing, and their 
actions are guided by what they know. 

However, the only way to find out 
whether a theoretical approach is 
doomed to failure or is premature is to 
try it out. If we can find a way to 
analyze the role of knowledge and re- 
lated phenomena in S-R terms, we may 
derive several important benefits. We 
shall be able both to take advantage 
of the rigor and precision of S-R lan- 
guage and to bring into view the rela- 
tions between higher mental processes 
and fundamental principles of mam- 
malian behavior. It has been abun- 


1 This article arose out of work performed 
under the auspices of the Yale Communica- 
tion Research Program, which is directed by 
Dr. C. I. Hovland and financed by a grant 
from the Rockefeller Foundation. It was 
written while the author was a member of the 
staff of Brooklyn College. 
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dantly demonstrated that S-R termi- 
nology need in no way do violence to 
the flexibility and rationality of human 
activity. Accounts of reasoning have 
been offered (11, 26, 42) which do not 
appear to contradict radically either the 
facts adduced by those who have stud- 
ied insightful problem solution or the 
tenets of S-R reinforcement theory. 
Discussion in similar terms of language 
processes, from which most of the psy- 
chological uniquenesses of human be- 
ings are generally held to spring, has 
been far from abortive (39, 49). And 
belated attempts to fit perception into 
the same framework have not encoun- 
tered any immediate obstacle (3, 50, 
52). The present paper discusses 
whether or not the human capacity for 
acquiring and using knowledge need 
escape the omnivorous maw of S-R be- 
havior theory. 

Since the concepts and principles 
which we shall apply to our topic orig- 
inated in the investigation of very dif- 
ferent problems, mostly in animal psy- 
chology, we shall have to rely on a 
procedure, which we shall call concept 
extension, that has often provoked mis- 
giving. We shall propose that. terms 
which were introduced to describe one 
class of phenomena—stimulus, response, 
drive, etc-—be extended to new classes 
of phenomena. Now it is frequently 
noted that human beings, and not least 
psychologists, are unduly prone to think 
that they have explained something 
when they have attached a new name 
to it. And cases of concept extension 
are apt to elicit the knowing look and 
the triumphant pounce from those who 
are commendably on the watch for such 
aberrations. But their well-meant vigi- 
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lance is here completely out of place, 
since concept extension is much more 
than mere labeling. The concepts which 
figure in systems such as Hull’s behay- 
ior theory (29, 30) are defined by sets 
of relations with other variables. Ap- 
plying them to new phenomena means 
therefore postulating that the same rela- 
tions hold for these cases and thus lay- 
ing down a set of hypotheses which can 
be followed until they prove inadequate. 
Concept extension is closely comparable 
to what happens in a court of law when 
it is ruled that taxis are hackney car- 
riages or that gramophone records are a 
form of writing. This, far from being 
an idle verbal eccentricity, immediately 
applies a large body of traffic regulations 
or of law of libel to a large class of 
new instances, until further experience 


makes it desirable to pass new legisla- 
tion. 


“KNOWLEDGE” AS A CONCEPT IN 
BEHAVIOR THEORY 


1. Ryle (47) has indicated that 
knowledge is a dispositional concept. 
An individual is said to possess it even 
when he is not in any way manifesting 
it, so that, like such terms as brittle- 
ness or electrical resistance, it expresses 
a probability that certain observable 
events (“truth-conditions” [10]) will 
occur, given certain additional condi- 
tions (“test-conditions” [10]). Dispo- 
sitional concepts must, in a psychology 
which uses quantitative language, be 
represented by intervening variables, 
which are defined by describing the 
equations linking them to observable 
antecedent and consequent variables 
(29). At the present stage, our formu- 
lations cannot be too exact, since con- 
cepts only approach precise definition 
as a science progresses (10), but on 
the antecedent side, we can note that 
knowledge is a product of learning. Its 
strength depends on exposure to a stim- 


ulus situation in the past, on the per- 
formance of responses in that situation, 
and on certain motivating and reinforc- 
ing conditions, which have been dis- 
cussed elsewhere (4, 5). We assume 
that the possibility of innate knowledge, 
which at one time interested rational- 
ist philosophers, can be discounted. On 
the consequent side, we can bear in 
mind Skinner's point that “to know is 
largely to be able to talk about” (49). 
It is true that testing ability to pro- 
duce verbal behavior is one of the most 
convenient operations for measuring 
amount of knowledge, as in the tradi- 
tional scholastic examination. But it 
is not the only one. There are times 
when it is dangerous to judge how much 
a person knows from how much he talks, 
and a dumb man may know more than 
a windbag. There appear to be, in fact, 
three principal effects of knowledge 
which can be a source of consequent 
variables: (a) performance of verbal 
responses, (4) production of new knowl- 
edge (as in reasoning) or evocation of 
other implicit responses (e.g., attitudes 
or thoughts), and (c) effects on overt 
behavior, As regards the last-named, 
all we can say at this stage is that 
knowledge causes the organism to be- 
have in some respects as it would if 
the events or objects which are known 
were present. To use the terminology 
favored by cyberneticians and by Skin- 
ner, it causes present behavior to be 
“controlled” by absent or past events. 
With this point of departure, we can 
proceed to narrow down step by step 
the class of variables to which knowl- 
edge can be assigned. 

2. The intervening variables that con- 
stitute knowledge are habits. The re- 
sponses mediated by these habits may 
be overt, e.g., speaking or writing, or 
they may be implicit, e.g., thinking. 

3. The responses mediated by these 
habits are cue-producing responses (11) 
and, if implicit, they are furthermore 
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pure stimulus acts (23). This means 
that they produce self-stimulation which 
can influence subsequent behavior of the 
same organism. Subjects who “know 
about” particular events or objects are 
said to “be conscious of” them. It is 
worth noting that, although conscious- 
ness no longer enjoys the consideration 
that was held its due in the days of in- 
trospective psychology, it is still found 
necessary to distinguish conscious from 
unconscious processes, because of the 
special properties of overt behavior de- 
pendent on conscious processes. Be- 
haviorist writers (23, 35, 38) have at- 
tributed such behavior, regarded as 
largely a human prerogative, to the 
capacity to react to one’s own reactions. 
Those (e.g., 11, 17) who have been in- 
clined to follow Freud’s assertion (14) 
that the unconscious is unverbalized 
have particularly stressed reaction to 
self-stimulation from verbal responses. 
The intervention of cue-producing re- 
sponses has, moreover, been the key ad- 
mitting insightful problem solution to 
the domain of S-R theory (11, 26, 42). 

We have at our disposal two defini- 
tions of a “symbol” in behavioral terms, 
one offered by Morris (39) and one by 
Osgood (43). For the former, a sym- 
bol is a “sign that is produced by its 
interpreter and acts as a substitute for 
some other sign with which it is synony- 
mous,” and “if anything, A, is a prepar- 
atory-stimulus which in the absence of 
stimulus-objects initiating res ponse-se- 
sequences of a certain behavior-family 
ition in some organism 


causes a disposi i 
to respond under certain conditions by 
his behavior-fam- 


res ponse-sequences oft i 
ily, then A is a sign” (39, p. 10). This 
definition does not seem altogether sat- 
isfactory, as it would make signs of 
drive-stimuli, drive-producing stimuli 
and anything that induces any sort of 
set. Osgood’s definition obviates this 
and other objections: “a pattern of stim- 
ulation which is not the object is a sign 
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`of the object if it evokes in an organism 
a mediating reaction, this (a) being 
some fractional part of the total behav- 
ior elicited by the object and (b) pro- 
ducing distinctive selj-stimulation that 
mediates responses which would not oc- 
cur without the previous association of 
nonobject and object patterns of stimu- 
lation” (43, p. 204). 

Osgood’s scheme thus follows this pat- 
tern: 


] rq == 5 Ry, 


where is is the sign, 7, the mediating 
reaction (a part of the response pattern 
made to the signified object), and Rx is 
the overt behavior evoked by 7m. It 
will be seen that 7,, is the behavioral 
equivalent of the “concept” or “mean- 
ing” which a sign, in traditional accounts 
of symbolization, “conjures up” in the 
interpreter’s “mind.” Its introduction 
is necessary for one very good reason, 
apart from those put forward by Osgood. 
Most studies of symbols in animals and 
men have naturally begun with the single 
symbol asa unit. But in human higher 
mental processes, especially in knowl- 
edge, the units are actually complex 
combinations or sequences of elemental 
symbols, e.g., sentences (propositions) or 
complex perceptual responses. Since 
these combinations or complexes have 
effects that their constituents would not 
have alone, we have an instance of 
patterning as described by Humphrey 
(32) and analyzed further by Hull (28, 
29). But this principle by itself will 
not suffice. The sentence “man bites 
dog” will have a different effect from 
“dog bites man” but a similar one to 
“human being sinks teeth into canine 
animal.” Yet, one might expect the 
opposite to be true, since the first two 
sentences must be nearer together on 
any primary generalization continuum. 
Similarly, on the response side, the same 
remembered material is likely to be ex- 
pressed in different words on different 
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occasions (2). So, different complexes 
of signs can come, through learning, to 
evoke the same “meaning” (which Os- 
good identifies by 7»), and the same 
meaning can come, through learning, to 
evoke different overt responses. We 
have therefore clear cases of “secondary 
stimulus generalization” (29) or “ac- 
quired equivalence of cues” (11) on the 
one hand and secondary response gen- 
eralization, acquired equivalence of re- 
sponses, or habit-family hierarchy (25, 
30) on the other. These processes re- 
quire a mediating cue-producing response 
(11, 25, 29). 

When Osgood’s rm is evoked by a 
stimulus other than those coming from 
either the signified object or an external 
sign (“signal” [39]}), whether such a 
stimulus be external or response-pro- 
duced (e.g, by another Tm), we have 
what we shall hereafter call a symbol or 
symbolic response. 
4. Knowledge mediates believed sym- 
bols. Morris (39) attempts a behavioral 
account of belief (which, he Points out, 
can occur in differing degrees, as in judg- 
ments of probability) as the degree to 
which the organism is disposed to re- 
spond as if the signified object existed; 


However, 
much of the response pattern conditioned 
ven when 
d; it may 
aterial in 
hinking as 
orks of art 


Philosophers have, 
wrestled with the probl 
ing belief from knowl 
knowledge is true bel 


of course, long 
€m of distinguish- 
edge. For some, 
lief, while others 


insist that, in addition to being true, 
beliefs must be supported by adequate 
evidence to justify the name of knowl- 
edge. These questions, though impor- 
tant and no doubt capable of empirical 
formulation, need not concern us here. 
False beliefs affect behavior just as they 
would if they were true, at least until 
something arises to make the subject 
doubt them, and we can presume that 
similar motivation underlies the absorp- 
tion of knowledge and error. We shall 
therefore not draw a distinction between 
knowledge and belief, 

5. The believed symbols mediated by 
knowledge are designative. Morris (39) 
classifies symbols according to the dis- 
tinguishing characteristics of the objects 
or events which they signify. If these 
characteristics are stimulus properties, 
the symbol is designative, if they consist 
of a preferential status with respect to 
the organism’s needs, it is appraisive, 
and if they take the form of a tendency 
to evoke certain sorts of overt behavior, 
it is prescriptive. We can translate this 
valuable classification into Osgood’s 
scheme by categorizing symbols accord- 
ing to which fractional component of the 
significatum’s response pattern has come 
to form the rm. If the rm is composed 
mainly of emotional and rhage Suge 
Tesponses, it is an appraisor, whereas a 
it consists largely of fractional skeleta 
responses, it is a prescriptor. Desig- 
nators will thus be those symbols which 
are built up of responses dependent on 
the stimulus properties of the significa- 
tum, and these may consist of perceptual 
responses (3) or verbal responses of the 
kind Skinner calls “tacts” (49). 


TRAINS or THOUGHT 


Many writers have described how the 
human being’s responses depend jointly 
on the present stimulus situation and, 
with recent experience predominating, on 
a whole mass of relevant past experience 
which has left traces in his nervous sys- 
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tem. We have Herbart’s apperceptive 
mass (21), Bartlett’s schema (2), and 
the modern social and perceptual psy- 
chologist’s frame of reference (20) as 
concepts referring to this phenomenon. 
Moreover, it has been pointed out that 
when these traces, which underlie knowl- 
edge, are reactivated, they give rise to 
long sequences of intraorganismic events 
—Bartlett’s schema (2), Hull’s sequences 
of pure stimulus acts (23), and Hebb’s 
phase sequences (19). 

_ There is no reason why we should not 
give to these sequences, which can bring 
about both the recall of old knowledge 
and, as in reasoning, the production of 
new knowledge, their everyday name, 
trains of thought. We can, by drawing 
on Hull (23, 29) and Bartlett (2), sug- 
gest the following six stages by which 
trains of thought may have developed 
out of simple response capacities in an 
animal as well equipped with ability to 
symbolize as the human being: 

1. Reaction. Hull starts his account 
(23) by describing a series of events in 
the external world, which produce a 
Parallel series of events or reactions in 
an organism. But, as he acknowledged 
in a footnote (p. 512), this account is 
deficient, The organism’s reactions de- 
Pend not only on external events but 
also on certain intervening variables 
Tepresenting conditions inside the organ- 
ism; chief among these are the effects of 
Previous learning (sf) and motives 
(D). This explains why different indi- 
viduals not only perform different overt 
responses to the same external stimuli, 
but also derive different perceptions and 
later different knowledge from exposure 
to identical situations. 

_2. Redintegration. If Si, S2, etc. ha- 
bitually occur in the same order or simul- 
taneously, then foresight or expectancy 
fan emerge. Both Sı and sı (the pro- 
Prioceptive stimulus resulting from Rx) 
Can become conditioned to at least a 
fractional component of Re. These com- 
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ponents can include incipient skeletal 
responses (postural sets) and visceral 
responses such as fear (36, 41), but also, 
and these are what concern us most, 
perceptual and subvocal cue-producing 
responses. 

If S, has come in this way to evoke, 
fractionally or subliminally, the per- 
ceptual response (72) appropriate to Se 
(3), then some familiar phenomena from 
the psychology of perception follow from 
the principles of behavior theory. 

a. If the habitual Sz follows or accom- 
panies Sı, then the principle of summa- 
tion of reaction potentials (29, Corollary 
v) leads us to expect a lowering of the 
threshold for perceiving Sz. There will 
be values of the reaction potentials s, E>, 
and s,H;, such that, although neither 
exceeds the reaction threshold (sLr) 
separately, the behavioral sum of the 
two will. In any case, the sum of both 
will be greater than s,H;, alone. Thus, 
this increase in perceptual reaction po- 
tential, which the writer has elsewhere 
identified with attention (3), explains 
the familiar fact that expected events 
are more likely to be perceived than 
others and are likely to be perceived 
more vividly. It is the phenomenon 
which Hebb calls the “central reinforce- 
ment of a sensory process” (19). 

b. If Sə is an ambiguous stimulus, 
i.e., if it evokes two or more incompatible 
perceptual response tendencies of about 
equal strength, then the one reinforced 
by the expectancy conditioned to Sı will 
prevail. This is one case of the influence 
of set on perception (9, 33, 52). 

c. If the habitual S2 is for once re- 
placed by a somewhat different stimulus, 
Sa, then several results might ensue: 

(i) Illusion or dominance (8, 9, 45). 
Sa will evoke 72 by stimulus generaliza- 
tion, response generalization, or both, 
although this will normally be less strong 
than Fa, the “accurate” perception (i.¢., 
the most frequent perceptual response 
to Sa). But 72, when strengthened by 
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the expectancy aroused by Sı, may well 
prevail, so that S4 will be wrongly per- 
ceived as if it were So. 

(ii) Compromise (8, 9). _ Both Sı and 
Sa may evoke, by generalization, a per- 
ceptual response tendency corresponding 
to some stimulus occupying an inter- 
mediate position between S4 and S20na 
continuum. In that case the strength 
of this compromise perception, contrib- 
uted to by both, may exceed that of the 
expected perception (72) and that of the 
accurate one (74). 

(iii) Raised threshold. If # is not 
strong enough to prevail over #4, it may 
interfere with it in such a way as to 
reduce its effective reaction potential 
(saiz) (8, 45) and make its perception 
less probable. 

d. If the habitual So is absent, and 
the S4 which replaces it is so remote from 
it that no compromise or illusion is pos- 
sible (i.e., because the generalized s 5, 
is too weak), then two cases can arise: 

(i) In conditions of poor visibility 
where S4 cannot be seen clearly (i.e., 
where 5,E>, is weak), the 7» conditioned 
to Sı may be supraliminal by itself, In 
that case we shall have a hallucination 
of Sx. This happens when  tachisto- 
Scopic figures are falsely completed (2) 
and when hallucinations are produced 
by suggestion (40) or conditioning (12), 

(ii) In conditions of good visibility, 
where the discrepancy between Sz and 
Sa cannot be overlooked, we shall have 
conflict between the incompatible per- 
ceptual responses, 74 of peripheral origin 
and f» of central origin. If we assume 
(7) that conflict is a drive condition (Cp), 
this explains the emotional effect that 
Tesults from the clash between an expec- 
tancy and an external stimulus and plays 
a great part in Hebb’s theory (18, 19). 

3. Symbolization, Our consideration 
of stage 2 reveals the role played by 
previous knowledge in Perception” But 


2It should be Pointed out that, just as 
knowledge acquisition js best regarded as one 
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a step forward is achieved when two new 
conditions are fulfilled: (a) sı, the pro- 
prioceptive stimulus produced by Ri, is 
sufficient without S, to evoke a fractional 
component of Rz; and (b) this fractional 
component can be supraliminal aa 
support from S». Then the ee 
component of R» can become a symbo: 
(rm) for Sz and represent it in its absence. 
We then have the possibility of a true 
train of thought, a sequence of internal 
responses (symbols) which can act in 
lieu of a remembered, anticipated, or 
imaginary series of external events. 
Each symbol is in its turn elicited by the 
response-produced cue of the previous 
symbol, so that a behavior chain (30) a 
formed, comparable to those of tempora 
maze habits (51, 54) or human rote 
memory (27, 31). The symbols (rm) 
constituting such trains of thought a 
include perceptual responses (7) or sub- 
vocal verbal responses (fa): 2 

4. Ramification. The next cen 
tions arise when S, participates in pal 
habitual sequences of events at differen 
times and thus can initiate several alter- 
native associated responses. Similarly, 
each symbol in its turn may be able to 
lead the train of thought off in many 
alternative directions, But what deter- 
mines precisely which response out of the 
many alternatives occurs? From Hull’s 
account (30, p. 312) we can expect four 
factors to determine it jointly: 


special sort of learning, namely that e 
which enables a symbolic response to act z 
lieu of an absent stimulus, so the pa the 
knowledge in perception does not exhaus i 
role of learning in perception. The cases ie 
have been considering are those whee or 
Perception of a stimulus is Sa re- 
replaced by components of its perceptual ues 
sponses which have been conditioned to : to 
habitually accompanying it. pear 
be many other cases where learning ‘which 
Perception quite differently: a stimulus native 
could give rise to a number of ae 
Perceptions gives rise to one in parteil en 
cause that one has been reinforced more 

the others (34, 52). 


a 
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a. External stimuli (S): In the case of 
autonomous trains of thought, only one 
of these is required in order to initiate 
the sequence. We shall therefore refer 
to such starting points as initiating 
Stimuli. 

b. Response-produced stimuli (s). 
These may be proprioceptive cues from 
Muscular responses (sp), or response- 
Produced cues from perceptual responses 
(8) or verbal responses (sy). They keep 
the train of thought going after the 
Initiating stimulus has ceased. 

¢. Drive-stimuli (Sp). These continue 
throughout the sequence until the drive 

as been reduced and so become con- 


ditioned to every response in the chain. 


But the reinforcement-gradient principle 


implies that they will be most strongly - 


Conditioned to responses coming just 
before reinforcement. 

d. Fractional goal-stimuli (sg). These 
are internal cues produced by fractional 
anticipatory goal responses (re). They 

‘ave the dual function of providing sec- 
Ondary reinforcement for earlier re- 
SPonses in the series (30, Corollary xv) and 
directing the series toward a goal (24). 

The first two of these factors we shall 
Call cue-stimuli and the last two we shall 
call motivational stimuli, noting that the 
two Pairs have somewhat different roles. 

1€ cue stimuli provide the starting 
Point for a train ‘of ‘thought and restrict 
the future course of the sequence to the 
relatively narrow range of responses to 
Which they are conditioned. The moti- 
Vational stimuli are conditioned to a 
much wider range of responses, since 
they must have coincided with an enor- 
mous variety of situations; they accord- 
ingly select from the repertoire made 
available by the cue-stimuli those items 
Which are likely to contribute most effec- 
tively to the satisfaction of the motives 
aroused, and, in general, they serve to 
E the train of thought on a path 

Ing to the solution of the problem 
on hand. In addition, the drives with 
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which they are associated impel the chain 
of symbols to continue until the drives 
have been reduced or extinction has 
supervened. 

The above conception has been derived 
from studies of maze learning in rats. 
It is therefore encouraging to note that 
other writers have been driven to recog- 
nize two corresponding sets of factors, 
as a result of direct attacks on higher 
mental processes in human beings. 

Why only the correct association ap- 
pears, whether it be a question of a 
single reaction, as in the controlled- 
association experiment, or of long suc- 
cessions of thoughts, as in directed think- 
ing, was one of the principal interests of 
the Wiirzburg school. Their pursuit of 
the answer culminated in the theory put 
forward by Ach (1). It depends, he 
said, on the presence in consciousness of 
an “idea of the stimulus” (Reizvorstell- 
ung) and of an “idea of the aim” (Ziel- 
vorstellung). It is not hard to see in 
these two concepts the impact on the 
organism of cue-stimuli and motivational 
stimuli, respectively. They jointly pro- 
duce a “determining tendency,” which 
acts to steer the thought sequence 
toward the aim and to exclude irrele- 
vant digressions. 

Again, in Bartlett’s theory of remem- 
bering, recall is the product of both the 
stimulus which elicits the remembering 
process (which “reminds” one) and 
what he calls an “attitude,” which he 
describes as “very largely a matter of 
feeling or affect” (2). The latter en- 
sures that the material which emerges 
is something pertinent to the present 
situation and not just a fortuitous asso- 
ciation. Our cue-stimuli and motiva- 
tional stimuli have thus obtruded them- 
selves in yet another guise. 

5. Reorganization. An important ad- 
vance is accomplished when the symbols 
making up trains of thought are no 
longer tied to one chronological order 
but become capable of rearrangement. 
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This added flexibility makes possible 
“the assembly of behavior segments in 
novel combinations suitable for problem 
solution” (26; 30, ch. 10), and think- 
ing can perform “‘the two different func- 
tions of preparation for reality (anticipa- 
tion of what is probable) and substitution 
for reality (anticipation of what is desir- 
able)” (13, p. 50). 

The process of “short-circuiting” or 
“serial-segment elimination” pre- 
supposes, according to Hull (25), some 
persistent stimulus which acts during the 
whole of the sequence. Such a stimulus 
can become more strongly conditioned 
to later than to earlier items in the 
sequence, by virtue of the reinforcement 
gradient, and can thus serve to elicit 
anticipatorily those responses which im- 
mediately precede reinforcement, so that 
they crowd out irrelevant and unhelpful 
diversions. Internal events, and espe- 
cially those we have termed motivational 
stimuli, serve this purpose. 

Closely related conceptions appear in 
the writings of Hebb (19) and Bartlett 
(2). The former describes how the evo- 
cation of a familiar and long-established 
phase sequence comes in time to mean 
simply a review of its highlights, the less 
important connecting material gradually 
dropping out. Bartlett attaches an ex- 
treme importance to the ability of human 
organisms to “turn round on their own 
schemata,” i.e., to “go directly to that 
portion of the organized setting of past 
responses which is most relevant to the 
needs of the moment” (2, p. 206). This 
ability obviates the necessity of review- 
ing a succession of trivial memories in 
order to reach the point of time which is 
important, as happens in some primitive 
forms of remembering. The factors re- 
sponsible are “interest, appetite, etc.” 
These are obviously motivational terms, 
and once again we can see an instance of 
motivational stimuli leading straight to 
those responses which are most “rele- 
vant” to them (i.e., most closely con- 
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tiguous with their cessation). Bartlett 
also describes the formation of special- 
ized “schemata” (or organized system 
of retained material) pertaining to par- 
ticular “appetites, instinctive tendencies, 
interests and ideals.” Thus, once more 
we find attributed to motivational stim- 
uli the power to tie together, and thus 
make readily available in close succes- 
sion, those response tendencies which are 
most likely to subserve particular drives 
or purposes. 

6. o The final refinement 
in the human being’s application of 
knowledge is logical or, as Piaget (44) 
calls it, “operational” thinking. For 
this, the organism has to learn to Pa 
form only such symbol sequences as ful- 
fil certain conditions (“rules of logic ) 
which are necessary to ensure their sta- 
bility and consistency. Some of i 
conditions are enumerated by sie 
who outlines the stages by which a Er 
gradually comes to achieve them. The 
reinforcement for this learning seems to 
come both from social reward and from 
the better adapted (more “intelligent”) 
behavior that logical thought makes pe 
sible, Except when the restrictions o 
realistic reasoning are suspended—as 1n 
dreams and fantasy (16), wit (15), etc- 
—fortuitous, irrelevant, or illogical asso- 
ciations are inhibited. This is peun 
ably because stimuli produced by suc d 
responses evoke some sort of acquire d 
drive (e.g., Dollard and Miller’s “learne 
drive to make... explanations an! 
plans seem logical” [11, p. 1201). EE 

If, as is hoped, this discussion violat 
neither the nature and importance ak 
knowledge nor the findings of S-R er 
ing theory, we can use the latter as 4 
valuable source of hypotheses with AA 
to attack many central problems 1n Š 
higher mental processes. As an ka 
ample, this account has given rise to 7 
theory and to some experimental ies 
on the much neglected topic of ce: = 
curiosity, the motivation behind 
acquisition of knowledge (4, 5, 6). 
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SUMMARY 


An attempt is made to conceptualize 
knowledge in stimulus-response language. 
Knowledge, according to this analysis, 
consists of habits which mediate be- 
lieved, designative symbols. It is sug- 
gested that symbol sequences or trains 
of thought are likely to have developed 
through six stages from the simplest 
Tesponse capacities to logical thought. 
Some of the phenomena that are familiar 
to investigators of thinking and percep- 
tion are shown to be consonant with this 
account. 
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A careful application of the principles 
of the philosophy of science to contro- 
versial issues within an area of an em- 
pirical science has often proved clarify- 
ing. These methodological (logical) 
analyses have occasionally demonstrated 
that some of the questions which scien- 
tists considered appropriate for experi- 
mental attack could actually be resolved 
only after linguistic analysis. The 
major contribution of any such analysis 
is the reformulation of some of the tra- 
ditional questions. The present paper 
attempts such an analysis of the psy- 
chological concept, “intelligence.” 

The paper is presented in two parts. 
The first contains a summary of the im- 
Portant points, relevant to this analysis, 
of the frame of reference within which 
the writers evaluate the methodological 
Problems of their science. Writers of 
the Philosophical school of “Jogical posi- 
tivism,” or “scientific empiricism,” have 
Written explicitly on the methodology of 
Psychology, formulating principles that 
may be regarded as the fundamental 
Principles of neo-behaviorism (2, 3, 5, 

). The second part deals with the ap- 
Plication of these philosophical princi- 
Ples to problems associated with the in- 
Vestigation of human intelligence. 


THE MetTHopoLocicaL FRAME OF 
REFERENCE 


The principles that scientists have 
followed in the formulation of their con- 
hoe have been made explicit by phi- 
losophers as a result of their analyses 
et the language of science, of which the 
anguage of the physical sciences is the 
Prototype, The language of science is 


a physicalistic language; that is, the 
referents of the descriptive terms occur- 
ring in scientific discourse are physical 
objects or events, their properties, and 
their relationships. There is, therefore, 
implicit in the philosophy of scientists a 
basic assumption regarding a “real 
world.” The scientist assumes that 
there is a blueness “out there” when he 
has a sensation of blue. This “naive 
realism” of the scientist is not to be con- 
fused with any metaphysical viewpoints 
with reference to the nature of “reality.” 
The scientist’s position in this respect 
may be regarded as a convenient work- 
ing assumption. It is simply another 
way of stating his belief that the data 
with which he deals have sufficient gen- 
erality and significance to warrant fur- 
ther study. 

Concepts that have been accepted in 
science and have proved useful for theo- 
retical reasons, and for more pragmatic 
reasons as well, can be defined so that 
they are reducible to very simple terms, 
which have been designated by Carnap 
as primitive predicates (6). This class 
of terms is distinguished in part by the 
fact that they cannot be further re- 
duced, in the sense that they cannot be 
given linguistic definitions; understand- 
ing of such terms can be obtained only 
through acquaintance with their refer- 
ents. While philosophers have not 
troubled to delimit this class of terms 
categorically, its important character- 
istics may be given by a few examples. 
There are the property or quality terms 
such as “blue,” “green,” “bright,” 
“hard,” etc.; the relational terms such 
as “to the left of,” “above,” “between,” 
“prighter than,” etc.; and, of course, 4 
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subclass of terms naming physical ob- 
jects and events. , 

We may point out, parenthetically, 
that in scientific practice, concepts are 
not ordinarily reduced to (defined in 
terms of) such simple concepts. This 
would be laborious and, except for 
certain formal purposes, unprofitable. 
Words that may be reduced relatively 
easily to such a level are used without 
explicit definitions. Let us use the term 
“abstract” to refer to words whose defi- 
nitional chains are long in the sense that 
numerous statements are required for 
defining them solely in terms of the 
primitive predicates. We may then de- 
scribe scientific practice in this regard as 
that which utilizes explicit definitions 
only for the more abstract concepts; 
(even in these cases, the reduction proc- 
ess is carried down only so far as is 
necessary to avoid serious ambiguity). 
Such a statement, and rightly so, does 
not specify a crucial or necessary length 
of the definitional chain in order that 
the -concept thereby defined be an ab- 
stract one. 

If each acceptable term in a scientific 
language can be defined with reference 
to such terms as “blue,” “above,” 
“hard,” etc., then the concepts in sci- 
ence refer in the last analysis to things 
that are immediately observable in a 
very simple sense of this italicized 
phrase. It is just this characteristic of 
scientific language which js intended 
when it is said that the language of sci- 
ence is a physicalistic language or that 
it has a Physicalistic verification basis. 

The formation of scientific concepts 
may be best understood through an ex- 
position of the grammatical (logical) 
form of definitions in general, techni- 
cally known as “definitions in use.” 
Conventionally, one finds on the left 
side of an equation-like arrangement of 
two sentences a sentence in which the 
term to be defined occurs. This sen- 
tence ordinarily states one of the sim- 
plest things that can be said about the 
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term to be defined. For example, we 
may wish to define the concept 
“length.” On the left side we may write 
the simple statement, “the length of 
this table is five feet.” In the more im- 
portant definitions, there is on the right- 
hand side of the definition a statement 
(or set of statements) that presents a 
relatively complex set of interrelation- 
ships among other terms, typically of 
the form: “If... then - - -.” The 
two statements, the one on the right 
and the one on the left, are then con- 
nected by a symbol which carries the 
meaning, “means by verbal agreement 
the same as.” If we fill in the right- 
hand side of the definition, the above 
statement about length means the same 
as: “If one takes a foot rule and re- 
peatedly places it so that there is no 
gap and no overlapping of one place- 
ment and another, and if each place- 
ment is parallel to the edge of the table, 
then five such placements may be made 
between the edges perpendicular to the 
direction of the placements.” The 
meaning of length is not explicitly car- 
tied, of course, unless the right-hand 
statement contains only terms which 
are already meaningful. . 
The groundwork has now been laid 
for an exposition of the phrase that has 
become so popular among psychologists 
—“operational definition.” Bergmann 
(2) has pointed out that this term re- 
fers to nothing more complex than 
that science requires all terms occurring 
on the right-hand side of a definition 
to be, or to be reducible to, the Bua 
tive concepts we have already dis 
cussed. This requirement may be desig- 
nated the empiricist meaning eritma 
thereby avoiding some of the consan 
which have become associated wit 
“operationism.” In order for a woa 
to be meaningful by this criterion A 
must be reducible, in the sense dis 
cussed above, to primitive predicates. 
Obviously, this discussion describi 
an ideal procedure. One may 100 
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vainly through some introductory phys- 
ics textbooks for an explicit definition 
of the concept of “mass.” What one 
ordinarily finds are several statements 
about mass, any one of which might, 
according to our discussion of meaning, 
be construed as a definition. This fact 
points up the need for considering the 
second methodological principle concern- 
Ing scientific concepts. Analyses of sci- 
entifically acceptable concepts show that 
these concepts not only meet the em- 
Piricist’s meaning criterion, but in ad- 
dition are lawfully related to other 
meaningful concepts—such relationships 
being exemplified by statements of the 
form: “If A, then B,” where A and B 
are both meaningful concepts. In gen- 
eral, the more relationships a given 
concept has to other concepts, the more 
fruitful or useful it is said to be. Thus, 
in physics, the concepts of time, force, 
energy, mass, distance, etc. are ex- 
tremely useful since they enter in some 
form into all laws of mechanics. 

Many discussions of operationism 
have been found objectionable by some 
Sclentists—particularly by some psy- 
chologists—because they have not em- 
Phasized this second aspect of scientific 
Concepts. The scientist may insist that 
his term “means” more than just what 
is contained on the right-hand side of 
any definition of it. To anticipate later 
discussions, he may insist that intelli- 
gence means more than just an IQ from 
a given test: a high “amount” for a 
given individual means that this indi- 
vidual will probably do well in school, 
1s probably good at arithmetic, is not 
likely to be found in an institution for 
the feebleminded, probably has par- 
ents with high average school achieve- 
eee and the like. The present formu- 
ation does not rob the scientist of the 
richness of his “meaning.” This ad- 
tional meaning is carried by the state- 
ments of relationships between the un- 
ambiguously defined concept and the 
other concepts (i.e., school achievement, 
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institutionalization, level of parental ed- 
ucation, etc.). Conveniently, Bergmann 
(2) distinguishes between meaning I 
(formal, operational meaning) and 
meaning II (significance, usefulness, 
fruitfulness). A concept that does not 
meet the first criterion cannot meet the 
second. A concept that meets only the 
first criterion will eventually be dis- 
carded as useless. 

Since scientists are usually not so 
formal and explicit as are philosophers 
about such matters, one frequently finds 
in a scientific discipline useful concepts 
for which formal definitions have not 
been given. In some such cases, it is 
possible to formulate two or more 
equally correct and equally simple defi- 
nitions. The question of which defi- 
nition to select for a given purpose is 
therefore a matter of convenience. It is 
not consistent, in a formal sense, to 
speak of alternative definitions for a 
concept, since an unambiguous term can 
have only a single definition within the 
same context; but one may speak 
loosely of a number of concepts in sci- 
ence for which, in practice, several defi- 
nitions are possible. This fact merely 
points out that it often happens in sci- 
ence that two or more grammatically 
different definitions may define concepts 
which are so highly interrelated that it 
is convenient to give each set of refer- 
ents the same name. In other words, 
the relationships between each of these 
formally different concepts on the one 
hand, and other concepts on the other, 
are, within acceptable limits of error, 
identical. It makes little difference for 
most purposes which concept is used. A 
case in point is the concept of electric 
current, which may be quantitatively 
defined in terms of the deflection of a 
magnetic needle, the amount of heat 
generated, or the amount of silver de- 
posited in a solution of nitrate of silver. 
When such clearly invariant relation- 
ships are found, it is often tempting 
(and, perhaps, of heuristic value) to 


258 


speak and think of the concept involved 
as if it referred to a “thing” ontologi- 
cally independent of all the sets of oper- 
ations, the description of any one of 
which could serve as the definition of 
the concept. It is usually implied in 
such discussions that the “thing” itself 
cannot be directly sensed, but that we 
“infer” its existence from the observable 
evidence (i.e., from the pattern of in- 
variant relationships among the opera- 
tionally defined concepts). Hence, it 
would be said, we may measure elec- 
tricity, even though we cannot directly 
sense it, in much the same way that we 
might assemble evidence concerning the 
existence and size of a hidden room in 
a house by comparing external measure- 
ments of the building with measure- 
ments of the observable rooms in it. 
It should be apparent from what has 
been said Previously that this is merely 
a manner of speaking, and like many 
metaphorical expressions, generates lit- 
tle confusion unless one begins to ac- 
cept its literal Meaning. In the latter 
event, scientifically sterile arguments 
arise as to what the “thing” would look 
like if we could directly sense it, or as 
to what the “correct” way is to measure 
(define) it, 

It frequently happens in the develop- 
ment of a science that a word appearing 
in the everyday, common-sense language 
is taken into the language of that disci- 
pline and is given a new definition, In 
Most such cases, the new Meaning is in 
Some sense similar to the meaning of the 
word in the ordinary language. The 
words “force” and “mass,” for example, 


occurred in the English language before 
they were utilized in Newtonian physics. 
Most high school students of introduc- 
tory physics learn to distinguish between 
the two Meanings such words have, and 
little confusion seems to result. In the 
newer sciences, however, attempts are 
often made to convey factual informa- 
tion through the use of words from the 


ordinary language without explicit re- 
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definition of such concepts. In extreme 
cases, it appears that some scientists, 
particularly those in the social sciences, 
conceive of science as a technique for 
“measuring” the things to which many 
of the words in the ordinary language 
presumably refer. While it is not the 
writers’ intention to depreciate the use- 
fulness of common-sense knowledge, 
they wish to point out that if it had no 
limitations, scientific knowledge would 
not be necessary. Also, if the language 
of common sense were sufficiently pre- 
cise, it would be unnecessary to study 
mathematics and logic. In many cases 
it appears that attempts to quantify (re- 
define) words from the natural language 
are uneconomical. Many such con- 
cepts refer in a vague way to highly 
complex sets of interrelations among 
distinguishable phenomena. It appears 
that the most economical way to snie 
such patterns would be to define severa 
concepts referring to these phenomena, 
with subsequent attempts to make ex- 
plicit by empirical investigations the in- 
terrelationships holding among them. 
An all too frequent substitute for such 
a procedure consists of an attempt to 
“capture” all the phenomena and re- 
lationships in the definition of a single 
concept. i 
The complaint is not infrequently 
heard that if one subscribes to opera- 
tionism, he places severe and pernan, 
crippling limitations upon the extent 0: 
the generalizations he can make. The 
argument proceeds along the following 
lines: Suppose a psychologist does F 
series of experiments on the learning 0 
a task under certain conditions, uae 
adult human subjects, and ie 
antly defines a concept that he ce a 
“habiti.” Operationally, the gle 
of this term includes references to t 
specific task, the conditions of a 
and the human subjects. Now, if he 
changes the task and the conditions, 
must, according to the principles n 
operationism, define a new concept, 
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“habits.” If he keeps the same task 
and conditions, but uses chimpanzees, he 
must again define a new concept, 
habits.” Obviously—the argument 
continues—such a procedure requires an 
Inconvenient number of terms. Thus, 
Operationism is too stringent and places 
too many restrictions upon scientific 
generalization. Since the business of 
Science is the discovery of general laws, 
operationism defeats the purpose of sci- 
ence. 
$ There are two distinct issues involved 
in the preceding argument. First, no 
one would argue that the subscripts to 
the above concepts do not have discrim- 
inable referents, and phenomena which 
can be reliably discriminated may, if 
one’s purpose requires it, be given dif- 
ferent names. Scientific practice may 
Not typically be so formal as to apply 
subscripts to the terms, but it does 
differentiate among habits as studied in 
T mazes, in Skinner boxes, or in classical 
Conditioning situations. Therefore, sec- 
ond, the question actually is whether a 
differentiation among such referents, 
either by name or by description, is a 
Convenience or a hindrance. Concept 
analysis may be useful in pointing to 
the gaps in factual information where 
More careless terminological usage has 
obscured this lack. While it may point 
out logical differences among several 
Concepts, it cannot indicate when there 
is sufficient empirical evidence to col- 
lapse these several concepts into a single 
One, or, more precisely, when it is pos- 
sible and useful to define a more general 
Concept which incorporates subsidiary 
concepts previously defined. Much of 
what is called theory in present-day psy- 
Chology represents attempts to formu- 
late more and more general concepts, 
Whether they be called “habit,” “drive,” 
aggression,” “sign-gestalt-expectations,” 
Ge what. In this last respect, scientists, 
Without aid from the methodologist, 
are generally on guard against what 
Bergmann calls “that spurious compre- 


hensiveness which is paid for by vague- 
ness and triviality” (3, p. 438). 

A similar objection to operationism 
probably arises from a failure to under- 
stand the formal (analytic) approach 
utilized by many writers in the exposi- 
tion of this principle. The logician in- 
structs us that a definition is arbitrary 
in the sense that it is the designation 
of a symbol (word) as a representation 
of an idea or complex set of ideas; 
which particular symbol is selected is 
of no formal importance; what is im- 
portant is that the relationship between 
the word and its meaning be made clear 
and explicit. There is no empirical con- 
nection between a word and its referent. 
Objections to this formulation often 
take a form that suggests some type of 
word fixation or “concretism.” It seems 
doubtful that such a mode of thought 
actually underlies many of these objec- 
tions. What such people probably in- 
tend to emphasize—and logicians would 
be the first to agree—is that, in science, 
concepts are defined for some purpose. 
The scientist always wishes to define his 
concept in such a way that it will have 
a factual exemplification; that is, the 
referent of the term must exist in the 
same way that the referent of “chair” 
exists. Moreover, the scientist wants 
his concept to enter into statements of 
laws—in many cases, to enter only into 
certain laws. These two requirements 
depend upon factual matters for their 
realization. Thus, when the logician 
says that definitions are purely arbi- 
trary, he speaks from a formal point of 
view and does not intend anything so 
nonsensical as that empirical considera- 
tions do not enter into the scientist’s 
selection of a particular definition. It 
should be apparent that the answers to 
this objection, as well as to the one just 
previously stated, constitute restatements 
of the Meaning I—Meaning II distinc- 
tion in slightly different guises. 

The reader may note in this section 
of the paper an omission of any dis- 
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cussion of measurement and quantifica- 
tion. Since intelligence testing has been 
traditionally associated with such mat- 
ters (“mental measurement”), this omis- 
sion may be regarded by some as seri- 
ous. The writers offer three reasons 
for their decision: First, the over-all 
logic of measurement, especially in psy- 
chology, has been clearly set forth by 
Bergmann and Spence (4). Second, 
the internal logic of test construction, 
together with its most widely accepted 
methods and techniques, has been com- 
prehensively covered in such articles as 
that by Bechtoldt (1) and others. Fi- 
nally, the writers consider this problem 
unessential to the understanding of the 
broader logic of the concept of intelli- 
gence, the primary concern of this pa- 
per. Misconceptions concerning the ad- 
ditivity of IQ points, the equality of 
units, the normal distribution of intelli- 
gence, etc. probably do not frequently 
occur among workers who are well 
grounded in the logic of statistics and 
measurement, and much of the con- 
fusion may be expected to disappear 
with improvement in such training. 


THE ANALYSIS or INTELLIGENCE 


The term “intelligence” is one of a 
number of words that psychologists have 
taken from the natural language. Its 
common-sense meaning, like that of 
many similar concepts, is complex and 
indefinite. An unequivocal character- 
ization of the common-sense notion is 
probably both impossible and unprofit- 
able. Reflection on the common-sense 
meaning of intelligence, however, leads 
to the discovery of two important 
points: First, the meaning leads to logi- 
cal contradiction since, on the one hand, 
an individual may be regarded as gen- 
erally bright, and on the other, an 
individual may be considered intelligent 
with respect to one thing and unintelli- 
gent with respect to others. The sec- 
ond point is that the common-sense 


C. C. SPIKER anp B. R. McCANDLESS 


meaning of intelligence always refers 
to behavioral consistency. There is the 
implication that the behavior of the 
individual is in some way trans-situa- 
tional. Intelligence, in the common- 
sense usage, is not a momentary state of 
the individual, but transcends to some 
degree the specific situations in which 
the individual behaves. 

In reading the nonexperimental 
(“theoretical”) literature concerning in- 
telligence, one must conclude that much 
time and energy have been devoted to 
attempts to capture and make explicit 
the several connotations of the natural 
language concept. Such attempts have 
probably stimulated much research. It 
is the writers’ opinion, however, that 
numerous sterile controversies and con- 
fusions have arisen from an inadequate 
analysis of the goals and purposes of 
work on intelligence. 

The organization of intelligence. 
There is one important assumption com- 
mon to all the frames of reference in 
which intelligence tests have been con- 
structed, from Binet to the present day- 
This is the assumption of trans-situa- 
tional consistency of behavior, How- 
ever, the different emphases of different 
test constructors have drawn attention 
to the inconsistencies of the original 
common-sense notion of intelligence. 
Some have argued that there is a gen- 
eral intelligence, that the trans-situa- 
tional consistency in the level of be- 
havior extends to all situations requir- 
ing “intellectual” problem solving. The 
term “intellectual” has actually been 
defined by the items selected for the 
tests rather than by attempts to cir- 
cumscribe the “population” of intellec- 
tual behavior. But others, utilizing fac- 
tor analysis as a tool, see no a priori 
limitations to the number of factors re- 
quired to account for the variability of 
“intellectual behavior” (e.g., Thurstone 
[10]). For them, the empirical data 
determine the number of factors. Still 
another group of investigators has con- 
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sistently distinguished between “verbal” 
and “performance” intelligence, or be- 
tween “abstract” and “concrete” intelli- 
gence. 

It seems correct to state that no one, 
in any of these groups, has unambigu- 
ously circumscribed the population of 
“intellectual behavior” or has provided 
explicit sampling criteria for the selec- 
tion of items for his tests. While this 
Seriously limits the significance and ob- 
Jectivity of the frames of reference 
(“theories”) in which the tests were said 
to be constructed, it does not detract 
m any way from any success in pre- 
diction that has been achieved by means 
of the tests; that is, the descriptions of 
the finished tests, and the accompanying 
Instructions for administering and scor- 
Ing them, constitute formally satisfac- 
tory definitions of the several concepts 
of intelligence, despite the lack of in- 
dependent objective criteria for the in- 
Itial selection of the items that consti- 
tute the tests. 

The mathematical apparatus of factor 
analysis tends to obscure for some the 
fundamental logic of factor analytic in- 
vestigations. The apparatus has been 
developed to handle simultaneously 
Breat quantities of interrelated data rep- 
Tesenting responses of individuals to 
test items. The completed analysis, if 
Successful, indicates classes of test items 
that have elicited, within classes, similar 
Tesponses from each individual in the 
Sample, but on which similar responses 
have differed from individual to individ- 
ual. The several empirically identified 
Classes of items (stimuli) are then given 
names (e.g, “perceptual speed test,” 
number test,” “test Y,” etc.), and in- 

ividuals receiving high scores on these 
Classes are said to be high in “perceptual 
Speed ability,” in “number ability,” etc. 
‘he Prediction can be made that in- 
moos from the appropriate popula- 
: a will tend to behave with intra- 
ndividual consistency on items within a 
Class and will differ from each other in 


the consistent mode of behavior within 
classes of items, and that relatively little 
consistency in behavior will be mani- 
fested from class to class. One of the 
presumed goals of this procedure is that 
tasks other than those used previously 
will yield to an objective analysis which 
will permit one to specify the combina- 
tion of scores on the isolated factors 
that will be appropriate for successful 
performance on the task. Explicit rules 
for such analyses are not yet available. 
If such rules are ever specified, the 
utility of this approach will have been 
demonstrated. 

Experimentation using factor analysis 
has attempted to study simultaneously 
groups of items toward which individ- 
uals behave with intraindividual con- 
sistency and with individual differences 
in the manner of responding to these 
classes of items. Except for the latter 
problem, the procedure does not differ in 
fundamental logic from the procedures 
that have been used to scale the psycho- 
logical similarity of stimulus items. 
The meaning of the term “number test” 
or any other test can be given by stating 
the criteria for classifying the items into 
the test; this includes the entire factor 
analytic procedure. The meaning of the 
term “numerical ability” is given when 
the test is specified, the rules for ad- 
ministering it are given, and the scoring 
criteria stated. The term “factor” has 
often been used to refer to these dif- 
ferent, though related, concepts. More 
“operational” definitions of psychologi- 
cal concepts could scarcely be given. 
It should be clear, however, that no 
“primary” factors, in the sense of physi- 
ologically or phenomenologically funda- 
mental variables, can be said to have 
been isolated by the procedure utilized 
by the factor analyst any more than 
this could be said of other definitional 
procedures in psychology. 

There is little sense to the question: 
“Which of these definitions of intelli- 
gence is correct (or most nearly cor- 
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rect)?” Formally correct definitions of 
all these concepts may be given. Which 
of the several concepts of intelligence 
proves to be the most useful, in the 
sense of ‘entering into laws which lead 
ultimately to more accurate predictions 
of human behavior, remains to be seen. 
There is little use in speculating unduly 
on this point, considering our current 
state of ignorance concerning the vari- 
ables associated with these concepts. 
Only empirical research can provide an 
unequivocal answer. 

A similar analysis clarifies arguments 
concerning whether or not intelligence 
tests need to contain “nonintellective” 
items. We may recognize, first, that the 
occurrence of the terms “intellective” 
and “nonintellective” in everyday lan- 
guage does not guarantee that they re- 
fer to any features or phenomena that 
may be either consistently or usefully 
distinguished. If it is assumed for the 
moment that the terms are both useful 
and unambiguous, the Proper question 
to ask is whether or not such items ina 
test will facilitate the achievement of 
the purpose for which the test was con- 
structed. Test constructors are (un- 
derstandably) rarely explicit about all 
the predictions they wish to make with 
their tests, and it is impossible to de- 
termine, a priori, whether or not any 
particular class of items will prove gen- 
erally useful. Many of the controver- 
sial points concerning “the nature of in- 
telligence” stem from an assumption 
that all investigators constructing or 
working with “intelligence tests” have a 
single common goal. 

In this connection, Wechsler (10) 
asks if “the capacity for social adapta- 
tion” is not also a “sign of intelligence.” 
He states that intelligence tests involve 
more than “mere learning ability or 
reasoning ability or even general intel- 
lectual ability.” They also contain 
other “capacities which cannot be de- 
fined as either purely cognitive or intel- 
lective.” He goes on to state that this 
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is desirable, and that such factors should 
be included with greater premeditation. 
One might well ask how one is to ar- 
rive at a sensible decision on this pro- 
posal until the goals of intelligence test- 
ing have been relatively - clearly set 
forth. The issue, it would seem, is not 
one of a definition of an “absolute” in- 
telligence that will be used generally; 
rather, it is necessary to state explicitly 
the criterion (or criteria) to be pre- 
dicted, and then to discover the tasks 
that will predict it. 

Heredity-environment. One of the 
most intense controversies in psychology 
in recent years was the heredity-environ- 
ment issue. On the one side? was a 
group of individuals insisting that “in- 
telligence” is something not directly in- 
fluenced by the environment, i.e., not 
directly influenced by learning. On the 
other side, it was maintained that in- 
telligence could be affected by learning 
experiences. This issue was closely re- 
lated to the argument over the con- 
stancy of IQ, the insistence that IQ’s 
obtained from certain tests (viz. the 
Stanford-Binet) did or did not fluctuate 
markedly from time to time for a given 
individual. Reverberations of these 
controversies are still heard in current 
discussions of culture-free intelligence 
tests. 

The salient points in this controversy 
were rarely, if ever, clearly and ex- 
plicitly delineated. The polemical pa- 
pers written on the subject indicate that 
much of the difficulty centered around 
careless use of terminology on both 
sides, and they suggest that a methodo- 
logical analysis should prove clarifying. 
For example, the terms “environment 
and “heredity” were never clearly de- 

1The writers know of no reputable psy- 
chologist who could be said to belong un- 
equivocally in one or the other of these 
mythical groups. Rather, the points at issue 
have been schematized in this way in order to 


represent more simply the pattern of the con- 
troversy. 
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fined, thus sharing the same ambiguity 
as “intelligence”—the concept they were 
intended to clarify. In the biological 
sciences, the term “heredity” is used 
Precisely only in relation to the geno- 
typically traced characteristics of the 
ancestors of the individual whose hered- 
ity is under discussion. Any attempts 
w define “intelligence” by referring to 
heredity” would presuppose applica- 
tion of the procedures of the geneticist 
to the “intelligence” of the ancestry— 
and the circularity of this is apparent. 

When one turns to research on the re- 
lationships between “heredity” and “en- 
vironment” on the one hand and “in- 
telligence” on the other, and construes 
these concepts operationally in terms of 
the research reports, one finds numer- 
ous definitions. A typical pattern of 
research was to provide an experimental 
group of children with specified experi- 
ences, to give pre- and posttraining in- 
telligence tests, and then to compare the 

Q gains with those of a control group 
not having the same intervening train- 
ing. If greater gains occurred for the 
€xperimental group than for the con- 
trol, it was held that the “environment” 

ad influenced “intelligence.” Few, if 

any, of these studies were devoid of 
Serious experimental errors, the most 
damaging of which, in the writers’ opin- 
ion, was the typical failure to assign 
Subjects at random to the experimental 
and control groups. The foster home 
oe Provide another pattern of re- 
ae used by the “environmentalists,” 
~~ Were similarly limited by experi- 
mental errors. 

The “hereditarians” had their own 
ides experimental designs. If the 
rete] or pairs of siblings reared sepa- 
waned correlated positively and signifi- 
rede it was the result of common he- 
E, If the IQ’s for pairs of mono- 
higher twins correlated significantly 
a eE than the IQ’s for pairs of bi- 
z it ic twins, it was the result of more 

milar heredity for the former. Ques- 


tions arise as to the importance of com- 
mon uterine experiences, of the physical 
similarity of identical twins in leading 
to more similar environmental experi- 
ences, of the reliability in identifying 
identical twins except at birth, and so 
on. Jones (9) includes critical analy- 
ses of many papers in this area. 

Much of the argument on the heredity- 
environment issue was not confined to 
such empirical questions as the forego- 
ing paragraphs describe. Many workers 
in the area desired and expected a con- 
cept of intelligence which would pro- 
vide a quantitative index that would 
not change with time for the individual 
except under the most unusual condi- 
tions, e.g., brain damage, psychosis, pa- 
ralysis, etc. An intelligence test which 
suggested that intelligence fluctuated 
from day to day was therefore unsatis- 
factory; it was not a “real measure” of 
intelligence. The first empirical studies 
reporting systematic changes in IQ for 
groups were looked upon with consid- 
erable suspicion by many investigators. 
These studies and their supporters were 
answered with suggestions about uncon- 
trolled variables that might have pro- 
duced changes in IQ scores without af- 
fecting the fundamental intelligence. It 
now appears that this objection referred 
to the plausible possibility that IQ 
scores may be changed without ma- 
terially affecting performances on tasks 
for which there was either a presumed 
or an experimentally established rela- 
tionship with the IQ scores. The litera- 
ture shows an interesting neglect of this 
possibility by those who insisted on the 
effectiveness of environmental factors in 
changing the level of intelligence. An 
obvious example of such a factor is 
coaching. 

A terminological analysis helps to 
bring the conflicting conclusions into 
agreement. If intelligence is under- 
stood to refer to the performance on 
a given scale (Meaning I only), then 
without question, some environmental 
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influences (e.g., coaching, repetition of 
tests, etc.) can produce changes in in- 
telligence. On the other hand, if intelli- 
gence is understood to refer to some 
complex set of interrelated behaviors 
(Meaning I and Meaning II), and if 
we have neither a complete list of the 
behaviors nor explicit statements of the 
relations holding among them, then we 
do not know and cannot determine 
whether or not learning experiences can 
produce changes in intelligence. As a 
matter of fact, if intelligence is under- 
stood in this sense, we can never know 
fully what intelligence “means,” since 
subsequent investigations may uncover 
new relationships between the behavior 
and other concepts. One of the more 
important results of a methodological 
analysis of a scientific concept is the 
distinction made between the formal 
meaning of the concept and the empiri- 
cal knowledge about the concept. 
Analysis of the heredity-environment 
issue cannot be considered complete 
until mention has been made of the sci- 
entifically irrelevant values that have 
still further clouded the issues involved. 
The common-sense meaning of “intelli- 
gence” has a high value connotation for 
most of us, a characteristic it shares 
with many other psychological concepts 
(e.g., “rigidity,” “neurosis,” “prejudice,” 


etc.). Intelligence tests have thus been ` 


evaluated by some, not only in terms of 
their predictive power, but also in terms 
of the “desirability” of the content. 
The evaluations seem to state: “Intelli- 
gence is ‘good,’ and if the test does not 
predict ‘good’ behavior, then it is not 
an intelligence test.” This attitude 
often results in either a high evaluation 
of the IQ, per se, without adequate con- 
sideration for what can be predicted 
from it, or in bitter denunciation of test 
constructors who include questions in 
the test which handicap certain groups. 

To ask whether it is good or bad for 
an individual to have high intelligence 
is about as scientifically relevant as to 


ask whether it is good or bad to have 
an object weigh a lot. After scientists 
have defined their terms and have 
stated the interrelations among them, 
societies may decide whether or not a 
given term refers to something desir- 
able. To reverse the procedure places 
on the scientist “pious” restrictions that 
are irrelevant to his purposes. 

A survey of current literature on cul- 
ture-free intelligence tests demonstrates 
this confusion of value and factual mat- 
ters. For example, Eells et al. (7), 
with the most articulate of frames of 
reference, criticize the modern educa- 
tional system and, therefore, the intelli- 
gence tests that predict success in it. 
They point out that middle-class teach- 
ers, with their particular middle-class 
version of what is the “best” and “true” 
culture, inflict their values upon school 
curricula, judgments of their pupils, and 
intelligence test items. Thus, they fail 
to develop the “full mental capacities” 
of their pupils, particularly of those 
pupils from lower classes. Present in- 
telligence tests seek to predict behavior 
closely related to the school culture. 
They are, therefore, inadequate “to 
measure the general problem-solving ac- 
tivities of human beings.” What is 
needed is an intelligence test that re- 
flects or measures the “genetic mental 
equipment,” “the general problem-solv- 
ing activities,” “the real talents,” etc. 
Such an index would permit us to show 
that class differences in intelligence do 
not exist and thus help to prevent social 
class prejudice and untoward discrimi- 
nation. 

Without arguing for or against the 
educational goals of Eells and his co- 
workers, we make the following com- 
ments. Most psychologists would now 
agree that the predictive power of in- 
telligence tests has been grossly over- 
estimated, in both scope and accuracy, 
by many professional and nonprofes- 
sional people. But to criticize a test 
because it predicts one thing and not 
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another seems pointless. Whether or 
not a test can be constructed to predict 
important behavior, and yet not dis- 
criminate among social classes, is en- 
tirely a question of fact. Apparently 
Eells eż al. (7) are attempting to con- 
struct such a test, and their attempts to 
make explicit the behavior they consider 
it important to predict should aid them. 
That part of their program concerned 
with a reformulation of educational 
goals can find no direct support from 
scientific knowledge since science can- 
not tell us what the “better life” is. 
The validity of intelligence tests. At- 
tempts to use technically the ambiguous 
term “validity” have generated much 
confusion in literature on intelligence. 
Consider the basic question, “Is this 
Intelligence test valid?” One possible 
clear meaning of this vague question 
has to do with the usefulness of the test 
for predictive purposes. The answer to 
he question, by this interpretation, re- 
a only a summary of the empirical 
is with the test. There is, of 
urse, not much point in asking the 
ee about a new test since little 
pirical knowledge will be available. 
a new test is demonstrated to predict 
teat Scores on an older, well-established 
i then the evaluation of the predic- 
i Power of the older test may be 
the ft. the new one. In this sense, 
k validity” of a new test may be 
Stablished relatively easily. Usually, 
chown the publication of a new test 
ot u d be regarded as an invitation for 
€r investigators to help to discover 
ay Predictive power of the test. If a 
Ses, investigator judges that claims 
anaE for the test that are not war- 
is i by the empirical data, then it is 
Ae uty to register his objections. But 
via Statement that the test is not 
and Contributes nothing but confusion 
B polemics to psychological knowl- 
8e. It amounts to nothing more than 


a 
tego recast of future uselessness of the 
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The previous interpretation of the 
basic question has the virtue of permit- 
ting an eventual empirical answer. An- 
other frequent interpretation is not so 
fortunate, having to do with whether 
or not the test is a ¿rue measure of in- 
telligence. It presupposes a meaningful 
concept of true intelligence. It seems 
that such a question, unanalyzed, has 
led many workers to attempt to dis- 
cover the “underlying nature of intelli- 
gence.” It is rarely clear from their 
writings what is the “nature” of the 
“nature” they expect to find. It ap- 
pears to have something to do either 
with the physiology or with the mental 
data of their subjects. The comments 
that follow are devoted to the issues 
that seem to be involved. 

If one defines “intelligence” (or any 
other psychological concept) in terms 
of the individual’s responses to items on 
a standardized test, one may still ask, 
“What are the physiological correlates 
of this type of behavior?” That every 
bit of behavior has physiological cor- 
relates is something of which psycholo- 
gists are, as Bergmann puts it, “as cer- 
tain of as we are of anything in science” 
(3, p. 442). Unfortunately, the more 
complex (molar) the behavior, the more 
likely it is that our present best at- 
tempts to specify which physiological 
variables underlie the behavior will be 
pure speculation and probably will be 
neither good psychology nor good physi- 
ology. 

The problem is not greatly different 
in practice if one asks, “What are the 
mental correlates of this type of be- 
havior?” No psychologist claims direct 
observation of his subject’s mental data. 
If he is to do more than speculate, he 
must settle for observation of the sub- 
ject’s behavior (including verbal behav- 
ior) and the situations in which it oc- 
curs. He must assume that no mental 
states occur which are not iz some way 
reflected in observable behavior. 

The only important point that needs 
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to be made is that both the mental and 
the physiological correlates remain for- 
ever distinct from the behaviorally de- 
fined (psychological) concepts. Even if 
one finds an invariant relationship be- 
tween a psychological and a physiologi- 
cal variable, they remain two things. 
One has found a law relating them. 
The failure to recognize this point has 
apparently led some writers to think of 
the physiological or mental variables as 
the “true” ones, which are only approxi- 
mately “measured” by behavioral vari- 
ables. What some psychologists seem 
to ask is whether or not the test re- 
flects accurately the appropriate mental 
variables. The hopelessness of any im- 
mediate attempt to answer such a ques- 
tion is obvious. The most convincing 
answer One could give is the same an- 
swer one would give to the question, 
“How adequately does the test predict 
certain areas of behavior?” 

To avoid misunderstanding, it should 
be made explicit that this formulation 
does not suggest that the study of the 
relationship between psychological and 
physiological variables is either an il- 
legitimate or an unprofitable area for 
psychologists. Nor does it suggest that 
the study of subjects’ verbal responses, 
under special instructional sets and con- 
ditions, as they relate to other situa- 
tional or behavioral variables, is either 
a logical or factual error. The argu- 
ment is merely that there are no a 
priori reasons why these variables are 
more fundamental (“real”) than those 
at the behavioral level. This is a mat- 
ter to be determined only by empirical 
trial and error, 


SUMMARY 


This paper is an attempt to examine 
some of the controversial issues in the 
field of intelligence by an application of 
some basic principles in the philosophy 
of science. A summary of the most 


relevant of these principles was given, 
and the principles were then applied to 
such problems as the organization of 
intelligence, the heredity-environment 
issue, and the validity of intelligence 
tests. The aim of the analysis in each 
case was to separate terminological and 
other logical issues from the factual 
issues with which they have become 
confused. It was seen that there is 
little left that can be considered con- 
troversial, except in the sense that any 
question of fact may be a controversial 
point until adequate evidence is pro- 
vided for its resolution. The confusions 
that arise as a result of trying to for- 
mulate single answers to multibarrelled 
questions can be eliminated. 
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THE SKAGGS-ROBINSON HYPOTHESIS AS AN ARTIFACT 
OF RESPONSE DEFINITION * 


MALCOLM L. 


RITCHIE 


University of Illinois 


The literature on retroaction shows 
many variables involved in the deter- 
mination of the experimental results. 
One of the most important of these is 
the similarity between original and in- 
terpolated tasks. Systematic investiga- 
tions of similarity have been conducted 
Since 1920. These experiments show 
that interference effects have either in- 
creased (e.g., 3, 7) or decreased (e.g. 
4, 6) with increasing similarity between 
the tasks. Apparently, no experiment 
has reported reliable increasing and de- 
Creasing effects in the same experimen- 
tal design, 

There have been two major theoreti- 
cal attempts (5, 6) to integrate the re- 
Sults of the similarity experiments to 
form a general similarity function. 
These general functions have assumed 

at the results of the many experi- 
ae are comparable even though 
ti ey involve (a) many different defini- 
‘ons of similarity, and (b) more than 
One experimental design. It will be 
atgued here that a confusion of ex- 
Perimental designs within given experi- 
Ments has led to a procedural problem 
rah is crucial to the interpretation of 
eed results. This problem is a 

‘amental ambiguity concerning the 
finition of an acceptable response. 
eh the problem of response defi- 
E on is recognized, two important con- 
Solas are apparent. First, a cen- 

Issue in retroaction theory—the 
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similarity paradox—becomes a pseudo- 
problem. Second, one of the most fre- 
quently used measures of similarity— 
identical elements—is seen to be con- 
founded. 


THE SIMILARITY PARADOX 


From early systematic studies of simi- 
larity, a generalization was drawn to 
the effect that interference increases as 
the similarity of the tasks increases. An 
extrapolation of this trend would show 
maximum interference when the tasks 
are made maximally similar. A paradox 
arose when it was noted that maximal 
similarity of successively learned tasks 
is the condition for ordinary learning; 
that is, continued learning with the 
same materials. Thus it appeared that 
the point of maximal similarity was at 
once the condition of (a) maximum fa- 
cilitation, and (b) maximum interfer- 
ence. This is the similarity paradox to 
which Robinson (6) called attention 
and for which he proposed a resolution, 
which has come to be. known as the 
Skaggs-Robinson hypothesis. 

The Skaggs-Robinson resolution. 
Robinson began his analysis with the 
experimental data available to him, 
which showed increasing interference 
with increasing similarity. But he rea- 
soned that there must be some point 
along this function at which the trend 
reverses, interference starts to decrease, 
and the function moves to high facilita- 
tion at the end point of maximum simi- 
larity. He also reasoned that there 
must be at the other end of the simi- 
larity scale a point at which no inter- 
ference or facilitation is found as a 
function of complete dissimilarity of 
materials. The curve of this hypo- 
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thetical function goes from high facili- 
tation (point A on Fig. 1) at maximum 
similarity to maximum interference at 
some intermediate point (point B), then 
to neutral at the point of complete dis- 
similarity (point C). Robinson had 
available evidence showing the slope 
from B to C. With a different experi- 
mental design he obtained results (6) 
giving the slope from A to B. How- 
ever, many subsequent attempts have 
failed to produce the entire function 
within one experimental design and with 
one definition of similarity. 

Osgood’s transfer-retroaction theory. 
Osgood (5) pointed out the lack of speci- 
ficity of Robinson’s formulation. In a 
stimulus-response analysis of the experi- 
mental materials, he showed clearly that 
three basic types of experiments have 


been used: (a) stimuli constant and re-. 


sponses varied, (b) responses constant 
and stimuli varied, and (c) both stimuli 
and responses varied. The evidence, 
which Robinson tried to reconcile with 
ordinary learning (increasing interfer- 
ence with increasing similarity), Os- 
good holds to be the special case of 
simultaneous variation of both stimuli 
and responses. However, within this 
special case, Osgood’s theory requires 
that the trend reverse itself in order to 
account for ordinary learning. The 
function thus obtained is very similar 
to that of Robinson. 

This analysis of the experimental ma- 
terials appears to leave the fundamental 
paradox unresolved. One fact that has 


EFFICIENCY OF RECALL 


EE e AA 
a toel -'nescotone eee 
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The Skaggs-Robinson hypothesis. 
Hypothetical relation between similarity of 
original and interpolated material and amount 
of reproductive interference (6), 


been overlooked is that there exists 
within these experiments a confusion of 
experimental designs. This confounding 
renders ambiguous the criteria by which 
the experimenter defines a correct re- 
sponse. 


THE PROBLEM OF RESPONSE 
DEFINITION 


In order for the results of different 
experiments to be combined in a gen- 
eral function, it must be assumed that 
the experimental procedures are com- 
parable. When ordinary learning and 
interference data are compared, this as- 
sumption is violated. If we consider 
the criteria by which the experimenter 
defines a correct response, it can be 
shown clearly that two different pro- 
cedures are involved. The procedure 
of the interference studies may be ex- 
pressed as an ABA design, that of ordi- 
nary learning as an AAA design. 

Response definition in the ABA de- 
sign. The basic experimental design 
which has been used in the study of 
Similarity effects is expressed in the 
ABA paradigm. Three learning series 
are involved: original learning (OL); 
interpolation of a different learning task 
(IL), and relearning (or recalling) the 
material of the original series GH 
The similarity between the original an 
the interpolated tasks is varied system- 
atically. In the relearning series the 
subject is required to make the re- 
Sponses appropriate to the A series E 
not to make the responses of the 
series. One of the stimulus-response 
paradigms for this design is as follows: 


OL IL RL 
Sı—Rı Sı —R;, Sı—Rı 
The stimuli are constant for the three 
series and the responses are varied. be 
will be noted in this design that the ae 
ject must learn two different ae 
to functionally identical? stimuli. 

? The point has been made (5) that no ae 
stimuli are ever absolutely identical. We =a 
use the term “functional identity” to exp 
our constant stimulus presentation. 


THE Sxaccs-Ropinson HYPOTHESIS 


performance on the relearning series in- 
volves a competition between the two 
responses. The subject must make Rı 
and must not make Rə in order for the 
trial to be recorded as correct. Regard- 
less of how similar the two responses 
are, the subject is required to discrimi- 
nate between them in order to satisfy 
the criteria of a correct response. 

Now let us suppose that the experi- 
menter increases the similarity of the 
required R; and Re toward the point at 
which they are functionally identical. 
As this point is approached, the subject 
has increasing difficulty in discriminat- 
ing between them (the experimenter 
must retain a method of ready distinc- 
tion), and the interference effects would 
thus be expected to increase. At func- 
tional identity the discrimination can- 
not be made. If the procedure of the 
interference design (ABA) is main- 
tained, the interference effects between 
the two tasks are maximum—the sub- 
Ject cannot learn the two tasks at all. 

_ Response definition in the AAA de- 
sgn. Ordinary learning proceeds on 
the basis of the successive presentation 
of stimuli and responses of functional 
identity, If we set up a paradigm for 
ordinary Jearning in the same manner 
as we have done for the ABA design 
above, our responses are distinguished 
only by the series in which they appear. 


OL IL RL 
Si—R, Si—R. Sı—Rıor Re 


Tn this case R, and Re are functionally 
identical and are distinguished only by 
the series in which they appear. The 
Subject is not required to discriminate 
between them in his performance. 
Either Ri or R; is recorded by the ex- 
Perimenter as a correct response. This 
means that the subject does not have to 

'sctiminate between the response he 
a in OL and the response of IL. In 

Is situation, facilitation is maximum 
at the same point as described above— 
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M$ Results of MeGeoch and MeDonatd 


if same procedure 


EFFICIENCY OF RECALL 


A B c 


DEGREE OF SIMILARITY BETWEEN INTERPOLATED ACTIVITY 
AND ORIGINAL MEMORIZATION = DESCENDING SCALE 


Fic. 2. Diagram showing results of Mc- 
Geoch and McDonald (3), extrapolation in- 
volving continued use of ABA procedure, and 
the Skaggs-Robinson proposal to reconcile re- 
sults with ordinary learning. 


that of functional identity of both 
stimuli and responses. The difference 
between the two is the procedure by 
which the experimenter determines what 
is to be recorded as a correct response. 

Robinson’s analysis. The data that 
were available to Robinson were based 
upon the ABA procedure and showed 
increasing interference as similarity in- 
creased. The results of McGeoch and 
McDonald (3) have been used in Fig. 
2 to represent this trend. Extrapola- 
tion of these results would give a pre- 
diction of maximum interference at 
maximum similarity. This extrapola- 
tion is based upon continued use of the 
ABA procedure and is shown by the 
dash line in Fig. 2. Robinson rea- 
soned that there must be a reversal of 
this trend in order to account for ordi- 
nary learning (dotted line). Robinson’s 
hypothesis requires a shift to the AAA 
procedure. The writer knows of no 
results in which this reversal occurred 
reliably when the same procedure was 
maintained. 


METHODOLOGY AND THE DEFINITION 
OF SIMILARITY 


From Fig. 2 it appears that the simi- 
larity function for the AAA procedure 
is considerably different from that for 
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the ABA procedure. It follows that 
any experimental design should involve 
only one of these for the results to be 
meaningful. The inclusion of both 
AAA and ABA in a given similarity ex- 
periment would confound the effects 
due to similarity with the effects due to 
the use of the two procedures. This is 
just the confounding that occurs when 
similarity is measured by the number 
of identical elements. 

In the experiment of Robinson (6), 
for example, similarity was measured 
by the number of elements that were 
identical in the three series. The re- 
sponses in his tasks have been schema- 
tized as follows: 


Elements 
OL IL RL in Common 
abcd efgh abcd none 
abcd afgh abcd one 
abcd abgh abcd two 
abcd abch abcd three 
abcd abcd abcd. four 


From the foregoing analysis it will be 
seen that wherever a response element 
appears in all three learning series, the 
AAA procedure is followed with respect 
to that element; that is, the subject is 
not required to discriminate between 
Ri and Rə. Wherever a different ele- 
ment is found in the interpolated task, 
the ABA procedure is followed; that is, 
only R; is acceptable as a correct re- 
sponse in relearning. Thus, in Robin- 
son’s experiment, increasing similarity 
was accompanied by an increase in the 
use of the facilitative AAA procedure. 
The less the interference procedure is 
used, the less would interference effects 
be expected in the results. This is pre- 
cisely the result obtained by Robinson 
(6), Harden (1), Kennelly (2), and 
others using identical elements as a 
measure of similarity. 

If varying the number of identical 
elements involves confounding similarity 
with the differential use of two proce- 
dures, then identical elements experi- 
ments do not give a legitimate similar- 
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ity function. Experimental techniques 
may possibly be devised to separate the 
similarity effects from the procedural 
effects. Until this is done, the results 
of identical elements experiments can- 
not be compared with those in which 
only one procedure is used. 


SUMMARY 


It has been maintained in this discus- 
sion that the similarity paradox in hu- 
man learning was created by the analy- 
sis made by Robinson. Maximum simi- 
larity between OL and IL may be the 
condition for either maximum facilita- 
tion or maximum interference, depend- 
ing upon the criteria established by the 
experimenter for defining a correct re- 
sponse in RL. 

The evidence used by Robinson to 
support his general function is based 
upon an identical elements definition of 
similarity. Varying the number of 
identical elements was shown to con- 
found similarity with the use of two 
response definitions. 
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FIELD THEORY: II. SOME MATHEMATICAL APPLICATIONS TO 


COMPARATIVE 


PSYCHOLOGY 
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Until vast amounts of research are 
carried out on animals other than the 
white rat and using drives other than 
hunger and thirst, and until all the 
quantitative interrelations are investi- 
gated, a field theory for comparative 
Psychology will be relatively immature. 

_The concept of field has had many 
different applications in both physics 
and psychology. The attempt will be 
made here to point out some aspects of 
this concept as it is being used in this 
Paper. Reference may be made to two 
Previous articles developing this general 
frame of reference (1, 2). The organ- 
ism as conceived here is a configuration 
of energy existing within a larger con- 
figuration of energy termed the environ- 
ment. There is a constant interaction 
between the two fields. The organism 
1S conceived of as following a process 
of differentiation with respect to the 
environmental field. This process re- 
ects an attempt of the organism to 
achieve homeostasis with the environ- 
Mental field, Examining a brightly 
ighted maze and a dark goal box may 
€ viewed as a field of energy with a 
difference, and this difference may be 
ioe by the intensity of light in 

© maze and in the goal box. The 
ried of reference used here is that the 

Sanism differentiates in the direction 
of less light, and in so doing it differ- 
fntiates between the correct pathway 
ie the incorrect pathway. In essence, 

en, a difference in the environmental 
eld of energy produces a difference in 
© organism’s field, as manifested in 


t z 
erms of time and errors. The field con- 
a ., 
ne author wishes to express his apprecia- 
sistant, Mary Lou Krehbiel for editorial as- 

ance in the preparation of this paper. 
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cept is utilized here in a broader sense, 
inasmuch as the light is only one part 
of the total field of energy operating 
upon the organism; and we shall at- 
tempt to present a theoretical frame- 
work for isolating some of the major 
parts of the environmental field with 
respect to learning and perceptual prob- 
lems. 

In an earlier paper (3) the writer 
outlined a theory for, and some psy- 
chophysical techniques of, investigating 
maze learning when many different field- 
type drives are utilized. The concept 
of field drive is utilized somewhat syn- 
onymously with the term exteroceptive 
stimulus. It covers stimuli which orig- 
inate outside the organism such as light, 
temperature, etc. This concept is used 
to cover types of motivation other than 
the internal biological drives such as 
hunger and thirst. 

The first mathematical postulate in 
the earlier paper pertained to an experi- 
ment in which temperature and its re- 
duction served as the motivating factor 
and as reinforcement. It dealt with 
the ratio between the increment of the 
difference between temperature in maze 
and goal box and the difference between 
temperature in maze and goal box nec- 
essary to produce a statistically signifi- 
cant difference in time and errors. 

The object of this paper is to illus- 
trate further how this psychophysical 
approach might be applied to maze 
learning, motivation, perceptual dis- 
crimination, and the Skinner-type de- 
sign. The attempt will be made to 
illustrate it as an operational frame of 
reference applicable to exteroceptive 
types of stimulation and to many dif- 
ferent types of animals. 
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TABLE 1 


FORE y BE 
POSSIBLE COMBINATIONS OF EXTEROCEPTIVE STIMULI WHICH COULD e 
TESTED PSYCHOPHYSICALLY IN MAZE, PERCEPTUAL DISCRIMINATION, 
AND SKINNER-TYPE DESIGNS 


x ula for Varying F or Varying 
Apparatus Formula for Varying | Smas fon Varying | EAU ear oe 
(with modifications) Fields both Measures of in the Entrance Box or the Period 
and Locations of of Energy the Energy Field Compartment, and | Rox or the Period, 
Measure of the Field Concomitantly before Pressing Bar 
=K(Me—8) 
TEA A(M =g) =K(M —8) | A(M—ge) =K(M—ge) | A(Me—g) =K (Me —8 
1. Maze M =Maze 
2. Goal box Temperature &=Goal box ; 
a O E ight = Re =e) =K (Ee -E 
Perceptual Discrimi- | Revolutions | A(E~g)=K(E—g) | A(E—g.) =K(E—g.) | A(Ee—s) =K( 
nation Gaseous £=Entrance 
1. Entrance formaldehyde} compartment. 
compartment Angle o &=Goal box 
2. Goal box s inclination 
ucrose = —A) = 
zi i Amperage A(B—A)=K(B—A) | A(B-A)= A(Be—A) 
ESS sing: | SUEZ B=period before KB-4) K (Be—A) 
ar Humidity pressing lever 
2. After pressing A =period after 
bar pressing lever 


Some APPLICATIONS OF THE BAsIc 
POSTULATE To Maze LEARNING 


Table 1 presents an outline illustrat- 
ing some of the permutations to which 
the writer’s mathematical formulation 
would be applicable. The first major 
division of its applicability is maze 
learning. This postulate stated in ab- 
breviated form is: The increment of 
the difference between the stimulus in 
the maze and the stimulus in the goal 
box necessary to produce a just no- 
ticeable difference (j.n.d.) in time and 
errors is a constant fraction of the 
difference between the stimulus in the 
maze and the stimulus in the goal box. 
The formula for this may be found 
in the third column of Table 1. The 
goal box and the maze both can vary. 
These formulae can be found in col- 
umns 4 and 5. Some preliminary work 
has been carried out to set up appa- 
ratus and procedures for testing some 
of the different types of stimulation 
utilized as motivation in maze learning. 

Caldwell and Mosman (5) utilized 
temperature. Caldwell, Thaler, and 
Katz (10) performed a variation of the 
temperature-type experiment. Caldwell 
and Womack (12) utilized light avoid- 
ance. Caldwell and Sandler (9) uti- 
lized gaseous formaldehyde, Albino 


mice were utilized in all five of these 
experiments. 

Caldwell and Floyd (4) pezion ash 
an experiment on albino mice place 
in a maze which could turn a certain 
number of revolutions per minute and 
which would stop turning when the ani- 
mals reached the goal box. This type 
of design lends itself to the possibility 
of varying the revolutions in the maze 
and in the goal box. Caldwell and 
Richmond (7) performed an experiment 
on hamsters wherein they utilized geo- 
tropism as the motivating factor. The 
maze had an angle of inclination of i 
degrees. The animals had to ascen 
the maze to reach the goal box, which 
had an angle of inclination of zero de- 
grees. This experiment was also re- 
peated by Caldwell and Ostrich (6) uti- 
lizing albino mice. This type of deim 
also lends itself to the possibility 0 
testing various combinations of differ- 
ences represented by variations in the 
angle of inclination. A 

It is possible to use fish in field-drive 
experiments. An experiment was pe 
formed on goldfish which swam in 4 
maze of high temperature to a goal box 
of low temperature (11). In this con- 
nection it is interesting to hypothesize 
an electrical field in a maze and either 
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its absence or reduction in a goal box. 
The maze itself might be positively 
charged and the goal box negatively 
charged. Various degrees of conduc- 
tion might be applied in each. 

The salmon has some photosensitive 
receptors deep in its skin (15). These 
are first covered by a layer of pigment, 
which subsequently disappears. As a 
result of this the fish reacts negatively 
to light. The hypothesis formulated 
here is that these receptors in the sal- 
mon could operate as motivating factors 
in the maze, and their reduction would 
Serve as reinforcement. In testing this, 
various kinds of controls would have to 
be employed to separate the skin recep- 
tors from those of the eye. 

Guttman (14) conducted some inter- 
€sting experiments on rats in which he 
used bar-pressing responses reinforced 
With sucrose solutions of various com- 
binations. This suggests the question 
of how much increment in sucrose is 
necessary to get a difference in rate of 
responding in the maze situation. The 
Problem might be stated as the incre- 
ment of the difference between the su- 
crose concentration fed before starting 
the maze and that fed in the goal box 
necessary to produce a j.n.d. in time 


_and errors representing a constant frac- 


tion of the difference between the con- 
centration fed before starting the maze 
and concentration fed in the goal box. 
it he stimulation of sound and humid- 
‘Y might be applied to this type of de- 
Sign and the various combinations of 
ifferences tested. 


Some APPLICATIONS TO PERCEPTION 
PROBLEMS 


3 Table 1 the same approach might 
i applicable to problems of perception. 
bag and Jerome’s study (13) with 
P eas be applicable here. Light 
Pi ance has been utilized with pig- 
ight on perception problems (8). The 
i „avoidance was employed for mo- 
Vation in training pigeons to dis- 


criminate geometrical figures. The ap- 
paratus consisted of a box which was 
brightly lighted and painted with alu- 
minum paint. The goal box was rela- 
tively dark, and the goal-box doors 
were a circle or a triangle, depending 
upon the problem. If a pigeon entered 
the circle, for instance, the light would 
be turned off and the bird would remain 
in the dark goal box for five minutes. 
Error and time curves were established 
for these pigeons. 

Our intention is to emphasize the pos- 
sible applicability not only of light 
avoidance but of other types of field 
drives to problems of perceptual dis- 
crimination, and also to urge the psy- 
chophysical treatment of data derived 
from such types of experiments. The 
part of the apparatus where the animal 
is placed to make the discrimination is 
referred to as the entrance compart- 
ment, and the darkened area is desig- 
nated as the goal box. The stimulation 
can vary in three ways similar to those 
suggested for maze learning. 

For purposes of clarification, this 
problem might be stated as follows: The 
increment of the difference between the 
light in the entrance compartment and 
the light in the goal box necessary to 
produce a j.n.d. in perceptual diferenti- 
ation (in time and errors and correct 
choices) is a constant fraction of the 
difference between the light of the en- 
trance compartment and that of the 
goal box. 


SOME APPLICATIONS TO THE SKINNER- 
TYPE DESIGN 


Another problem is that of using 
field drives such as temperature, gase- 
ous formaldehyde, light avoidance, etc. 
in the type of experimental design 
outlined by Skinner (15). Skinner’s 
method may possibly be more sensitive 
to psychophysical measures than those 
of the standard maze-learning phenom- 
ena. Also, it is important theoretically 
to know how the results obtained from 
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utilizing the Skinner-type design and 
field drives compare with results derived 
from the use of maze-learning designs 
and field drives. 

In order to test the following drives, 
the Skinner-type design must be modi- 
fied, but the essential elements in the 
design should be retained—mainly, the 
instrumental one where a stimulus is 
introduced and the organism presses a 
bar to stop the stimulus. Records 
should be kept on the relation between 
the variation in the intensity of the 
stimulus and the variation in bar press- 
ing. Guttman investigated bar-pressing 
responses in the rat where sucrose was 
utilized as reinforcement. He says: 


Evidence is presented that rate of responding 
in the Skinner box with rats is a semilogarith- 
mic function of the concentration of sucrose 
used as reinforcement. Extrapolation of the 
fitted rate-concentration function yields an 
estimated reinforcement threshold in the re- 
gion of the sucrose-preference threshold and 
the human sucrose limen., Extension of this 
experimental technique to other reinforcing 
agents may yield a systematic pattern among 
reinforcement thresholds (14, Pp.. 360-361). 


The application of this approach to 
the Skinner design might be further 
clarified by the following: The incre- 
ment of the difference between the in- 
tensity of light in the Skinner bar-press- 
ing apparatus before the bar is pressed 
and the intensity of light there after the 
bar is pressed necessary to produce a 
jn. in the time and frequency of bar 
pressings is a constant fraction of the 
difference between the intensity in the 
Skinner bar-pressing apparatus before 
the bar is pressed and the intensity there 
after it is pressed. 


Some APPLICATIONS to MOTIVATION 


A fourth type of apparatus to which 
this general theoretical approach might 
be applied is that which attempts to 
measure motivation. There are many 
types of apparatus which are utilized for 
measuring activity levels. The revoly- 
ing drum is one that might be applied 
here to these various exteroceptive stim- 
uli. The difference in the stimulus field 


could be measured with light, as an ex- 
ample, by measuring the light intensity 
in the animal’s cage and then measuring 
it in the revolving drum. The j.n.d.’s 
would be in terms of activity level meas- 
ured in terms of the number of revolu- 
tions of the revolving drum. This also 
raises the question of measuring the ani- 
mal’s frame of reference before placing 
it in the other types of designs men- 
tioned in this paper. This may be one 
of the advantages of utilizing exterocep- 
tive stimulation rather than hunger or 
thirst in animal experiments. 


Discussion 


The foregoing programmatic outline 
of research is presented in broad outline 
form. The j.n.d. is actually a statisti- 
cally significant difference in time, er- 
rors, and correct choices. Different 
parts of these curves obtained should 
be compared statistically, The quanti- 
tative results expected might appear 
only in experiments with certain ani 
mals. Perhaps only certain drives will 
be of use from a psychophysical point 
of view, possibly in connection with 
only a few types of animals, but ascer- 
taining such facts requires that many 
animals be utilized in testing each vari- 
ation of the hypothesis. 

It may be that many of the ex- 
perimental designs given here are toO 
variable. The Skinner-type design was 
referred to for use in testing some hy- 
potheses, but perhaps additional appa- 
ratus, more sensitive and of a new type, 
should be devised. Certainly the ap- 
paratus suggested here should be modi- 
fied for the different species and for 
measuring such stimuli as light in 
comparison with the more conventional 
types of motivating stimuli such as hun- 
ger and thirst. Control groups are nec- 
essary where there is no difference be- 
tween the entrance box and the goal box 
(or its equivalent) with respect to the 
particular drive being tested. 

Details for investigating these abbre- 
viated hypotheses must be worked out 
for each experiment. Reference should 
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be made to the writer’s previous paper 
(3) on the application of psychophysics 
to learning and reinforcement. 


SUMMARY AND IMPLICATIONS 


Historically, the communication of 
ideas in a form in which the experi- 
mentalist can investigate them in the 
laboratory has been one of the prin- 
cipal functions of psychological the- 
ories. There are dangers and limita- 
tions in miniature quantitative theories, 
but there is also value in operationally 
defining problems so they may yield 
data that can invalidate or substantiate 
the basic assumptions underlying a the- 
ory. 

This paper has urged that, from the 
Psychophysical point of view, a tremen- 
dous amount of research is needed in 
the field of comparative psychology be- 
fore we can begin to construct theories 
that possess any degree of maturity, 
either qualitatively or quantitatively. 
It also has attempted to present re- 
Search problems that might be quan- 
titatively tested in connection with the 
Comparative aspects of motivation and 
reinforcement. 

The implications are that further in- 
tegration of the field drives with per- 
ceptual-type experiments, maze learn- 
Ing, motivation, and utilization of more 
Sensitive techniques similar to Skinner’s 
should be attempted in such a way that 
they may: (a) be checked psychophysi- 
cally, (b) be checked with many dif- 
ferent species, (c) have their functions 
checked against results obtained from 
the more conventional maze-learning ex- 
Periments, and (d) yield results which 
Might aid in giving us a more unified 
field theory for comparative psychology. 
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An impression that the theorems of 
inverse probability are of widespread 
applicability to learning theory is cre- 
ated by David Bakan in his recent pa- 
per “Learning and the Principle of In- 
verse Probability” (1). His treatment 
is very simple and very ingenious and, 
if one were not to give the matter too 
much thought, his conclusions would 
seem quite sound and powerful. Many 
statements about learning rates, extinc- 
tion rates, trial-and-error learning, in- 
sightful learning, etc. are made in Bak- 
an’s paper. The writer has no quarrel 
with these statements as such; however, 
it is felt that Bakan’s statements do not 
follow from his premises. The subse- 
quent discussion will attempt to show 
that inverse probability is not especially 
cogent to learning theory and that its 
use in that context is a misrepresenta- 
tion either of inverse probability or of 
learning theory. 

Bakan defines three entities: g, h, 
and x. For simplicity’s sake, our dis- 
cussion will include only g and x. How- 
ever, it should be understood that h, 
which represents the ability level and 
prior experience of the organism, is as- 
sumed to be known in all of the subse- 
quent definitions. The symbol g is de- 
fined as a certain state of the organism, 
presumably a state in which the organ- 
ism is capable of responding in a par- 
ticular way—the organism, when in the 
state g, might be said to be “knowl- 
edgeable.” The symbol x is defined as 
a particular proposition of knowledge, 
a hypothesis about the environment 


(e.g., “If I press the bar, I will get a 
pellet of food”). 


Bakan’s basic equation requires the 
following definitions: 

P(g) is the probability that the or- 
ganism is in the condition g. 

P(g/x) is the probability that the 
organism is in the condition g after x is 
verified or reinforced. p 

P(x/g) is the probability that x will 
occur if the organism is in the condition g. 

P(x/g) is the probability that x will 
occur if the organism is not in the con- 


dition g. 
P(x/g) 


P(x/@) 
Then Bakan writes (legitimately so): 


R P(g) . 
P6 = RP@ +1 -P@l 
From this equation, Bakan derives all 
his results. 

This equation is said to involve in- 
verse probability because it attempts to 
infer causes from the observation of ef- 
fects. The equation contains expres- 
sions for the probabilities of occurrences 
which are never observable [P(g/x) and 
P(g)]. These probabilities ordinarily 
cannot be verified by counting the rela- 
tive frequencies of favorable occur- 
rences. Indeed, the philosophical dis- 
pute from which Bakan takes great 
pains to dissociate himself is concerned 
with the question of whether there exists 
any sense at all in which P(g/x) can 
be considered a probability.1 The nega- 
tive position, tersely stated, is that 
“either the organism is in the condition 
g or it isn’t. A probability statement 

* Carnap (3) is engaged in an extensive logi- 
cal analysis of probabilistic statements. His 


work may provide a resolution of the long- 
standing philosophical dilemma. 
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R is the ratio 
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is inappropriate.” According to this 
position, many classes of phenomena 
would be excluded from the realm of 
discourse of probability. For instance, 
one would never speak of the prob- 
ability of the truth of Weber’s Law, or 
of the mass-energy relation E = mc’*, or 
of Freud’s theory of unconscious mo- 
tivation. These laws or theories are 

(provided the context of their applica- 
tion is defined) either true or they are 
false. Nor is there any connection be- 
tween “approximately true” and “mod- 
erately probable” insofar as theories or 
laws are concerned. 

_ From the point of view of the statis- 
tician, the only appropriate use of prob- 
ability with these classes of phenomena 
Is to fall back on the statement: “If I 
claim this theory to be true, the prob- 
ability that my claim will be proven 
Correct is such-and-so.” Then if many 
Claims are made, one can calculate the 
expected number of correct claims. This 
Procedure can lead to a maximization 
Policy with respect to claims about un- 
Observable causes—a kind of static 
t ae theory” approach to the collec- 

ton of knowledge on the nature of the 
oe “Maximum likelihood estima- 

Jon,” together with the method of “con- 

dence intervals” in statistical theory 
(4, pp. 507-513), is such an approach. 
m P egAtaless of the philosophical merits 
A e argument against the use of in- 
hi Se probability, its cogency in the 

ase of Bakan’s derivations is apparent. 
an argument is particularly devastat- 
= ven it is realized that the only rea- 
in able interpretation of Bakan’s learn- 
bee hei is that they are functions de- 
os a the experimenter’s “game.” If 
we seriously Bakan’s formulation, 
the allows only two conditions for 
wil aei g and “not-g,” then we 
ees that the learning curve for an 
isin idual organism is not a gradually 
tion = festa Tf we know which condi- 

e organism is in at every trial, 


we will find that the learning curve ap- 
proximates a step function. When the 
organism is in the state g, it will re- 
spond at a low probability level of 
success, P(x/g), and will keep respond- 
ing at this low level until suddenly it 
attains the state g. At this point, the 
organism will abruptly start responding 
with a high probability level of success 
P(x/g) and will forever after maintain 
this high level. Al learning would then 
be “insightful.” Now, conceivably, Bak- 
an’s “learning curve” can be viewed as 
an average of an infinite number of such 
step functions, each with a different 
time of cross-over from g to g. How- 
ever, such a “learning curve” would 
have no meaning when applied to a 
single organism. To apply Bakan’s 
gradually rising curve to a single organ- 
ism is simply to admit our ignorance of 
the actual state of the organism at any 
given time. 

Bakan exposes himself all the more 
P(x/g) 
P(x/8) 
as a parameter of the learning curve, 
implying that in a given case one might 
measure both P(x/g) and P(x/g) in or- 
der to be able to specify the exact form 
of the learning curve. However, such a 
measurement can only be made if there 
is some criterion by which we can deter- 
mine whether an organism is in g or in 
g so that the relative probabilities of the 
occurrence of x in these two circum- 
stances can be determined experimen- 
tally. But if such a criterion existed, 
then the sensible thing to do would be 
to apply it to the organism while it was 
learning to find out when it was in g 
and when it was in g, and thus solve 
the problem at once. R, then, is a 
parameter with the following properties: 


to this criticism by using 'R = 


Either 1. It can never be measured 
in practice 
Or 2. Its measurement destroys 
the theoretical grounds on 
which it is based. 
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Bakan’s learning theory is not a the- 
ory of the learning process in a given 
organism; it is a theory of the process 
of analyzing the learning process of an 
organism. As such, it is typified by the 
situation in which a scientist analyzes 
the advancing state of his own knowl- 
edge. It does apply to “the method of 
science as a way of learning,” as Bakan 
claims, but it applies only in this situa- 
tion and not to classical learning theory. 
A rat is certainly not capable of analyz- 
ing his own learning process in this com- 
plicated way. To extend the results to 
classical learning theory would consti- 
tute a gross misunderstanding. 

The current mathematical models for 
the learning process (Mosteller and 
Bush [2]; Estes [5]) put the variable 
ignorance into the organism itself, in- 
stead of into the experimenter. They as- 
sume not two states of the organism, g 
and g, but a continuum of possible 
states p, where p is the probability that 
the organism will make the correct re- 
sponse. The hypothetical learning curve 
is given by p as a function of the num- 
ber of trials. In this type of model, the 
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organism itself gradually becomes more 
and more certain of the correct response. 
In Bakan’s model, the experimenter 
gradually becomes more and more cer- 
tain that the organism is cognizant of 
the correct response. The former seems 
to be much the more appropriate model 
for the typical learning situation. That 
is not to say, of course, that Bakan’s 
results cannot prove to be of value in 
the limited context of scientific method 
as the experimenter’s way of learning. 
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A decade ago, Köhler and Wallach 
(6) studied the effects of prolonged 
figural stimulation on certain subse- 
quent perceptual test patterns, a phe- 
nomenon they called figural aftereffects. 
To account for these effects they postu- 
ated a change in the polarizability of 
that part of the brain upon which the 
Previous contour had been projected, a 
Process they termed satiation. 

It has been repeatedly observed (2; 
3, pp. 202, 207; 4, p. 202; 5, pp. 300, 
316; 8; etc.) that there are individual 
differences in the size of such figural 
aftereffects, If one tentatively accepts 

Shler’s physiological model (3, 4, 5, 
), then such individual differences 
must reflect differences in the ease with 
x ich a modification in cortical con- 
a cvity can be brought about. Such 
SNE implies that figural aftereffects 
ie be used to measure generalized 
X ‘cal modifiability in an individual. 
eee that this modifiability is char- 

€ristic of the entire brain, and not 
ere to a given area, this leads to 
Prediction that the size of figural 

tereffects in different modalities should 
© Correlated, ie., a small kinesthetic 
aig aftereffect indicates low cortical 
F ifiability, which in turn would pre- 
S 2 small visual figural aftereffect. 
Pecifically, (a) visual and kinesthetic 
ane aftereffects measured on a large 
five er of people should show a posi- 
$ correlation (as also suggested in 4, 
D. 196-197) and (b) intraindividual 
eS in visual and kinesthetic fig- 
i aftereffects should pursue a paral- 
, Course, assuming that an individu- 


S cortical modifiability will change 
Tough time. 


The satiation theory, as well as the 
newer statistical theory (7), involves 
physicochemical alterations in cortical 
tissue. These could be interpreted as 
implying metabolic changes. Thus one 
could argue that a relatively large fig- 
ural aftereffect reflects high physico- 
chemical modifiability and hence con- 
ceivably a high “metabolic efficiency.” * 

Although this latter term is not suffi- 
ciently defined, it is adequate to yield 
some further predictions: (c) Size of 
figural aftereffect should correlate with 
physiological indicants of metabolic effi- 
ciency such as basal metabolic rate, 
thyroid activity, and such indices of 
circulatory efficiency as capillary struc- 
ture. (d) It should similarly correlate 
with behavioral indicants of neural effi- 
ciency such as reaction time and ease of 
simple sensory-motor learning. (e) An 
experimentally induced alteration in me- 
tabolism should be reflected in a con- 
comitant change in the size of figural 
aftereffects. (f) Schizophrenics, as a 
concrete example of a group of subjects 
with generally low metabolic efficiency 
(1, 8), should exhibit smaller figural 
aftereffects than normal subjects. 

All the above predictions have been 
subjected to at least a preliminary em- 
pirical test, and all have been essen- 
tially confirmed, with the exception of 
the one concerning simple sensory-mo- 


1 Originally we used the term “metabolic 
rate,” but experimental evidence has shown 
that this concept seems to be inadequate. In 
our data, figural aftereffects are maximal in 
the normal range of metabolic functioning 
and fall off on either side. This result has 
tentatively led us to the term “metabolic effi- 
ciency.” 
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tor learning, where the evidence was 


ambiguous. $ è 

~ Although these predictions are the 
only ones tested thus far, the present 
interpretation could yield many more, 
especially in classes c and d above, e.g., 
predictions concerning hormonal bal- 
ance, stress effects, problem solving, and 
perceptual rigidity. Further, the vague- 


`+ ness of the present formulation has the 


virtue of making it compatible with any 
theory of figural aftereffects in which 

* metabolic changes in neural tissue can 
reasonably be assumed, be the theory 
in terms of homogeneous conductors 
(6) or neural elements (7). 
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I. Tue PROBLEM or STRUCTURE 


Tt is generally assumed that the way 
to understand nature lies in the under- 
Standing of its laws. Some predicta- 
bility and order in the objects studied 
are a prerequisite to knowledge about 
them. It is frequently assumed, also, 
that the laws of nature are essentially 
Yuantitative—that they express amounts 
A Some measurable attribute and rela- 
TARS by which one such variable is 
a Unction of another. Hull and his as- 
ug ates stated the matter as follows: 
a? it appears probable that every- 
iz E which exists at all in nature exists 
Unas amount, it would seem that the 
eN form of all scientific postulates 

be quantitative” (2, p. 8). 
The purpose of the present article is 
ane the possibility that, notwith- 
ae ing the ubiquity, precision, and 
ee Stanen importance of quantita- 
ma op covariational formulas, there 

A > in nature another type of law 
ein Is quite as universal, objectively 

°nstrable, and, in its way, precise. 

e writer believes that this is true and 
a the knowledge of such a possible 
Perea but still fundamental, 

(which, however, is neither “quali- 


1 å 
en Writer gratefully acknowledges a gen- 
cuss Fant of time by the authorities of Syra- 
niversity for pursuing the theoretical 


and experi 
i mi : : Ngo 
ticle is a T studies upon which this ar 


to 
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tative” nor “configurational”) is as in- 
dispensable as quantitative formulations 
for a full understanding of any phe- 
nomenon, and that it is particularly 
needed at the present time in the field 
of psychology. It is to knowledge of 
this sort that we must turn for further 
illumination upon that still unsolved = . 
but vital problem, the organization of 
behavior. However useful they may be 
for descriptive purposes, the molar laws 
of covarying behavioral quantities have 
about reached the end of their tether so 
far as explanation is concerned. Some - 
broader theoretical outlook is required 
if the treatment of these variables 
themselves is to acquire a deeper and” 
more useful meaning. It is to the meet- « 
ing of this theoretical need that the 
present article is addressed. 

A word of admonition, however, should 
be said about its content. It must deal 
with issues that transcend psychology 
and pertain to all the sciences; for the 
problem of the nonquantitatively law- 
ful in nature is universal. At first it 
might seem that the theory to be pro- `. 
posed, since it must be stated in corre- 
spondingly general terms, lies outside 
the scope of psychology proper. + This 
impression would be erroneous. Though 
the reader may miss some of the fa- 
miliar terminology, and though for want - 
of space it will be necessary to ask him 
to make some of the applications for 
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himself, the projected general model 
pertains at every turn to the task of ex- 
plaining the fundamental processes of 
behavior. Among the problems upon 
which it specifically bears, within the 
limits of the present article, are the na- 
ture of psychological organization, mo- 
tivation, learning, perception, and their 
interrelationship, the continuity-versus- 
discontinuity controversy, facilitation 
and inhibition, and the energies of atti- 
tudes. The writer believes that the 
theory is the more significant for psy- 
chology precisely because it has been 
developed in a wider frame of reference 
to meet a more universal challenge in 
science, 

Let us begin by re-examining the role 
of quantitative statements in generaliza- 
tions concerning behavior. The reader 
will find below a description of a fa- 
miliar act or act sequence. The de- 
scription is given wholly in terms of 
quantitative laws. Some of them are 
repeated as called for in the act, and 
nearly all are of the covariation type. 
The list is divided into five phases (A 
to E) to correspond to successive phases 
of the act sequence, Let us see how well 
the list describes and explains the phe- 
nomenon and whether we can identify 
the behavior involved, 


A 
1. The rate of evaporation varies with the 


temperature. 


B 

2. The curvature of th 

with distance from ti 

3. A neural impulse oci 
not at all. 

. The magnitude of a neural impulse varies 
directly with the diameter of the neuron. 

- The intensity of a sensation increases di- 
rectly with constant relative increments of 
the stimulus, 

6. The more co 

ject the mo 


e lens varies inversely 
he object of vision, 
curs at full intensity or 


ntinuous the contour of an ob- 
re readily it is perceived. 
Cc 


(3.) A neural-transmission impulse occurs at 
full intensity or not at all. 
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(4.) The magnitude of a neural impulse varies 
directly with the diameter of the neuron. 


7. The energy of a muscle contraction varies 
directly with the number of muscle fibers 
excited. 


Laws, 3, 4, and 7 now reappear in several 
repetitions, and, in connection with them, laws 
such as 2, 5, and 6. 


D 


8. The terminal velocity of a falling body a 
equal to the constant acceleration of gravity 
times the duration of the fall. 


E 


(3.) A neural-transmission impulse occurs at 
full intensity or not at all. ~ 

(4.) The magnitude of a neural impulse varie: 
directly with the diameter of the neuron. 

(7.) The energy of a muscle contraction ea 
directly with the number of fibers ex 
cited, 

There are repetitions of this series, inter- 

spersed with earlier laws, 

(8.) The terminal velocity of falling is eau 
to the constant acceleration of gravity 
times the duration of the fall. 


Fo i s 
9. The velocity of flowing varies inversely # 
the cross section of the flow. 


If the reader now tries to state the 
behavior represented by the above list, 
he will probably be somewhat bewil- 
dered. He will guess that the phenome- 
non involves principles of gravitation 
and hydrodynamics along with behav- 
ior; but he cannot go much further 
than this with certainty. One wonders 
whether quantitative laws can be oa 
pected to explain an act sequence thay 
they do not describe with sufficien! 
completeness to permit its identification”. 
Furthermore, there are important apesi 
tions about the laws themselves tha 
are unanswerable from the list: Se 
Why are these particular laws broug í 
together here, rather than countles 
others that could be mentioned? 

How is their order in the list to be ac- 
counted for, including the repetition’ 
indicated? (c) There appears to b 
very little “organization” of the laws uy 
the list. Some organizing principle ÍS 


` 


fer 
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needed to help us understand what is 
happening. We look in vain for an- 
Swers to these questions in the laws 
themselves, There is something essen- 
tial that they fail to give. 

Let us now redescribe the act se- 
quence in other, more familiar, terms, 
using the same interspersed capital let- 
ters.to indicate the various stages: 


(A) A small boy on a warm day, becom- 
ing thirsty, 

(B) sees a pitcher of lemonade and a glass 
on a buffet. 

(C) He goes to the dining room table, pulls 
out a chair, places it near the buffet, 
climbs upon it, pours lemonade 

(D) from the pitcher into the glass, 

(E) raises the glass . . . and drinks. 


_ Now the matter is clear. By the use 
Mm this description of some terms other 
than quantitative we have been able to 
State the act sequence intelligibly. We 
are also able to answer, even on the 
= ie of the meager knowledge of the 
vents thus provided, all three of the 
a oe about the quantitative laws 
meet that these laws failed to an- 
ae If we read the laws again, this 
Movet conjunction with the acts listed 
Sec or the appropriate parts of the 
ah tence, we can see the true basis of 
: ae selection, (6) the ordering, and 
Sean € organization of the laws as they 
a called into play.” Something other 
oe quantities of happenings has now 
ing i added to the picture, with a result- 
AS of our understanding. The 
shown ance of the laws is clarified by 
„wing that they are “contained,” as 
N and ordered within a given 
tbe e ale arrangement of happen- 
that i et us call this new “something” 
aH ee to the quantitative laws 
eae orm of a pattern of happenings 
atic ee of the phenomenon in 
term n. It will be seen that by this 
that rue not referring to anything 
nami S “static.” It is, rather, a dy- 
tC structure—a structure of events. 
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Structure then, as thus defined, is 
what the quantitative laws fail to give; 
and it is what is needed (and needs 
more fully to be explained) if we are 
to have an adequate understanding of 
behavior. The structuring of events, to 
be sure, never occurs without the fact 
that the laws also hold good. Quantita- 
tive laws are demonstrable in all phe- 
nomena and are highly important and 
useful. Nevertheless our analysis shows 
that structure also is something that 
“holds good” and that must be consid- 
ered in its own right. It seems possible 
that it may have laws of its own. If so, 
these laws will probably be of a differ- 
ent sort from the other (quantitative) 
laws; for we have seen that the latter 
do not describe the structure of phe- 
nomena and that the gaining of an ink- 
ling of the structure was necessary in 
order to answer certain questions about 
the quantitative laws themselves. We 
can go even further and say that if it 
were not for such a structure (compris- 
ing events of stimulus impingement, 
neural excitation, muscle-fiber activa- 
tion, and the like), there would be no 
way of showing that the quantitative 
laws of behavior exist. The under- 
standing of dynamic structure is there- 
fore a matter of considerable impor- 
tance. 

Our statement of the laws in the 
example given was admittedly crude. 
Neither the definite equations nor spe- 
cific quantities were given. If they had 
been stated more precisely and exempli- 
fied by quantities, would they then have 
been able to supply the necessary infor- 
mation and to identify the act se- 
quence? It seems doubtful, since the 
added elements would still be abstrac- 
tions so far as the actual pattern of 
events is concerned. It is true, also, 
that only a “sample” of the possible co- 
variation laws was given. Suppose the 
list had been extended until it covered 
all the equations that could apply to a 
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boy’s getting a drink of lemonade (no 
doubt a very great number). Could 
the problem of the pattern have been 
solved then? This, too, is doubtful. 
If the laws were rigorously limited to 
quantitative statements, the task might 
have been even more difficult than be- 
fore. We shall probably have to con- 
clude, then, that the failure of the 
quantitative laws to be fully descrip- 
tive and explanatory does not lie in the 
paucity of the laws available nor in a 
lack of precision in their statement. It 
lies, rather, in their inherent limitation 
with respect to the problem in hand. 
It is true that the glimpse of struc- 
ture that illuminated the second ap- 
proach to our example had to be in- 
ferred from a molar account, which, 
like molar statements in general, pro- 
vided very little of the actual detail of 
structurization. Still, it served to re- 
call, from other experiences, what we 
did know about the structure of the or- 
ganism’s behavior, including its neuro- 
physiological aspects in their relevance 
to the episode in question. The most 
pressing present problem for psychol- 
ogy, in the writer’s opinion, is to pass 
from such crude molar descriptions to 
a closer analysis and delineation of the 
structure of behavioral acts. What is 
latent or implicit behind molar formu- 
lations that can give the illumination 
which quantitative laws fail to provide? 
We should not beg the question by say- 
ing that unless structure can be stated 
in quantitative terms it is unlawful and 
cannot be explained. The quantitative 
laws themselves, even “molar” laws, 
require some structural understanding. 
Nor can it be said that structure lacks 
generality. What could be more uni- 
versal in behavior than the “general 
format” of eating or drinking, or of 
a hundred other behaviors sufficiently 
stable and recurrent to have been given 
a name? But the problem is broader, 
even, than the field of psychology. 
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Evidences of structures of a generalized 
sort occur in the phenomena of every 
science. If such structurings are gen- 
eral, and if they cannot be explained by 
quantitative laws, is it not logical to 
suppose that there may be such things 
as structural laws, that structure 1s 
something sui generis? There might 
even be some one universal structural 
principle that operates throughout the 
whole of nature. 


The history of psychological schools 
and theories could, in a sense, be Ša 
garded as the record of attempts to dea 
with this problem in the field of psy- 
chology. They range from totalistic 
concepts such as gestalten, sign se 
stalten, supersummative wholes, C08- 
nitive maps, topological and brain fields, 
and “hypotheses,” through open sys 
tems, mechanics of redintegration, com- 
munication and information, and matie 
matical brain models, to the strippe 
intervening constructs of behavior Da 
ory. Metaphysical postulates, also, suci 
as “emergence,” “entelechy,” and vari- 
ous “manikin” assumptions have not 
been wanting. No final and conclusive 
answer has yet appeared. The very 
diversity of these efforts attests the 
difficulty of finding some clear, denota- 
tional way in which the structure of be- 
havior can be described. 

Perhaps the most general reason for 
the failure to solve the problem lies ™ 
the fact that it has not been approache' 
in its own right. It has been assumed, 
in effect, that there is no general i 
tural problem, that the means are a 
ready at hand for explaining each a 
cific structure by the traditional met 
ods of scientific logic. On the one han 
it is assumed that, since every even 
must have some cause, the ordinary 
logic of causality should be able to se 
plain the “structuring” of events. Tha 
we have not been able to explain ee 
ters this way is due merely to the fac 


Tue STRUCTURING OF EVENTS 


that we have not yet found the right 
Cause. On the other hand, there is a 
tendency to believe that the laws which 
State covariations and thresholds of 
Measurable quantities should be able to 
bring it about that each element of a 
Phenomenon gets placed in the proper 
Spatial position at the exact time and 
Sequence required for its characteristic 
ae The fact that no one has 
i an able to show how quantitative 
WS accomplish this feat has not been 
sufficiently taken to heart. It is for- 
Botten that quantitative laws are merely 
ee statements, not causal agents 
i orces. Frequently a “mechanism” 
ee ‘Sort (a term borrowed with- 
eot Justification from mechanics) is 
es through which the laws 
ihe elieved to “act,” or within which 
RA are said to be “manifested,” and 
E? which “intervening variables” can 
fe to fill the gaps in our struc- 
Nise oea eenen _The writer has dis- 
diet Pe assumptions underlying the 
Rs at quantitative, or mechanical, 
A les the “architects of structure” in 
ier ne work (1). We shall here 
“str r attention to the problem of 
Uctural causality.” 


II, 
Can Srructure Be EXPLAINED 
BY “CAUSE AND EFFECT”? 


ate to the commonly accepted 
hae SA of cause and effect an event, 
recedes p cause” of an event, P, if it 
cient cond; and is a necessary and suffi- 
hot O e ition of P. If O then P; if 
symbol + not P. If we employ the 
@ superin to indicate contingency and 

gees, rei dot to show negation, 

e expressed as 


ODP 
A ODP. 
aus 
a and effects can also be written 
near series of single elements in 
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which each succeeding effect becomes a 
cause for the next effect, thus: 


MONDODP 


==rele.-> SC 
MN BOS we 


time 


Time is here represented as a linear 
stream, and no limit can be placed upon 
the number of cause-effect pairs that 
precede the series shown or that follow 
it. In psychological theories such lim- 
ited series as shown above are illus- 
trated by linear sequences such as stimu- 
lus—receptor excitation—afferent neu- 
ral excitation—central neural excitation 
—efferent neural excitation—muscle- 
fiber contraction. Something like this 
is implied in the Hullian system in the 
“linkage” between the stimulus process 
and the reaction. There is, however, no 
logical reason why the causal series 
should not be extended indefinitely at 
both ends. We shall presently consider 
this possibility in the example of the 
boy who is getting a drink of lemonade. 
This historical method of causality ex- 
planation is seldom carried through in 
explaining the phenomena of behavior, 
or indeed anywhere else. A certain 
part of the chain is delimited as “be- 
longing” to a particular behavioral act 
or other phenomenon; and the re- 
mainder of the sequence is ignored. 
The fact that this can be done without 
being aware of any arbitrariness is it- 
self an evidence that some principle 
other than linear causation must be at 
work. To find this principle is our 
present task. 

But it is probable that events do not 
happen in the single-chain fashion just 
indicated. O may be a necessary con- 
dition of P, but it is usually not a suffi- 
cient condition. Other events, O’, O”, 
0”, and so on, must be present together 
with O in order to predict the occur- 
rence of P, even though the absence of 
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any one of them might negate P. And 
similarly, each of these O’s may have 
behind it another compound set of 
earlier “causes.” This situation, which 
is still linear in its sequences, is fa- 
miliarly known as “multiple causation.” 
It is represented in behavioral theories 
by such concepts as stimulus com- 
pounds, drive stimulus added to object 
stimulus, and attendant reinforcing con- 
ditions. Such a compounding of causes 
makes the definition of causation as a 
necessary and sufficient condition some- 
what inapplicable right at the start. 
But to proceed further, let us note 
that a number of manipulanda in the 
environment are frequently required for 
the description of a behavioral act. 
The chair, pitcher, and glass were pre- 
requisites in the boy-lemonade example. 
Let us call the events of contact with 
such objects P, Q, R, etc. Now be- 
hind each of these objects there lies a 
cause-effect sequence that extends in- 
definitely into the past and ramifies in 
space. Let us take the boy’s contact 
with the chair as P. An earlier O ex- 
isted in the form of someone’s placing 
the chair at the table. Behind this, at 
a still earlier time, was the matter of 
purchasing the chair, a happening which 
might have had multiple causation (O’s) 
in acts of conferring between the boy’s 
father and mother and in the combined 
acts of sales clerk and cashier. Behind 
these was the act of the store’s man- 
ager in having previously “stocked” the 
chair, and behind this were many hap- 
penings involved in transportation, each 
of which, in turn, had its multiple 
precursors. For example, prior to the 
“loading of a chair” there were acts 
of a number of workmen in a factory 
handling tools and materials in the 
making of the chair. And again, prior 
to both the materials and the tools lay 
multiple occurrences such as wood cut- 
ting, fabrication, transportation, and so 
on. As the linear series is traced back- 
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ward in time it is seen to spread out n 
space as a “regressus pyramid.” By 
the time we have traced it backward 
only a few steps the number of O's 
(and P’s) required to account for the 
contact of the boy’s hand with the chair 
is so great that prediction from any 
one event has only a negligible value. 
Merely to illustrate the well-known 
regressus expansion (rather than i 
any intrinsic value it may have) Fig. 
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Fic. 1. Scheme showing the multiplicity. p 
earlier events contributing to a final val 
in linear causality. The letters in eac ain 
umn, with their braces, going backwar' of 
stages 


> n- 
occur). A dot over a letter signifies ton 
occurrence of an event (“negative” prea i 
is involved). For illustrative purposes 
assumed that behind each event lies 4 ts, n0 
pound” of three other (necessary) eveT ont 
one of which, by itself, however, is SU tion: 
for the prediction of the event in quest 4 
Thus no single event is both a necessary. en, 
a sufficient basis of prediction, or cong 
of any other event. The number of qual 
tributing events at any given stage ÍS ° the 
to C", where C is the number of events aa 
compound (assuming that number to be 
stant) and r is the regressus stage taken- 


| % 


Tue STRUCTURING OF EVENTS 


is presented. The same analysis, of 
course, could be made with respect to 
the other objects, pitcher and glass, 
Contacts with which were also a neces- 
pa part of the situation (Q, R, and S 
Ae 1). But now another difficulty 
a S. Each of these objects will have 
A its background pyramid series; and 
order to produce the structure of be- 
parior which we are considering the 
ae of these series must converge to- 
Hi the interior of this particular din- 
E ‘on at a particular time when the 
t y also is there. How can we explain 
o vergence? We look in vain 
the r the total antecedent events of 
A SRN the pitcher, the glass, and 
x ‘ane for any earmarks that will 
seth, ea destiny” of their coming to- 
er with the others at this time and 
Place, 
parent be argued that the boy’s or- 
aa m re will supply the combining 
iS in px sequence is spelled out for 
chain £ drive-and-stimulus-to-reaction 
a Ni the mechanistic theories. But 
cone we shall meet with disap- 
ear al so long as we stick to the 
E T caning of causality. _ First, we 
ee a historical and environmental 
for the Ae over again in accounting 
and m s that lie in the boy’s neural 
ape metabolism. But there is 
uilt md more than that. There is 
causal 5 © the boy himself a kind of 
foe egressus pyramid. Neurologists 
ceeds ae out that as one pro- 
Ree ee) from receptor processes 
its central connections to effector 
ae ee, marked shrinkage in the num- 
elements or available pathways 


Occur; 

each v Many O’s are required for 
nsui . 

one mo uing P at every stage; and as 


iere “backward” through these 
same ¢ & sets of “multiple causes” the 
the ane of spreading effect is seen in 
iac ysiological regions as was noted 

ounting for contacts with environ- 


Men P 
tal objects. In terms of cybernetics 
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it is said that the loss of information 
merely in proceeding from neuron to 
muscle is 100 to 1 (3). And again, 
we have no way of describing by any 
causal series within the organism how 
the various elements or processes are 
integrated in the pattern of a single 
act. The structure simply “appears” 
among the ongoing elements as though 
it were not “caused” at all. 

One further lesson can be gained 
from all this. We find that when we 
try to explain structure by temporal 
trains of causes and effects, we are usu- 
ally faced by structure as an accom- 
plished fact. The practically simul- 
taneous excitations that existed in the 
boy’s sensory cortex as he surveyed the 
possibilities of getting a drink of lemon- 
ade were all there together. The co- 
ordinations of separate movements by 
which he gained his end were also con- 
temporaneous arrangements. Then too, 
as we looked back at the historical se- 
quences outside the organism, the acts 
of human beings or machines by which 
the chair was transported, manufac- 
tured, and so on, these also were seen 
to be matters of spatiotemporal pattern- 
ing. The behavior of one individual in 
any one of those aggregates was CO- 
ordinated with and dependent upon the 
concurrent behavior of others. Patterns 
seem to flow not from linear trains of 
causes and effects, but somehow from 
patterns already existing. Structures 
come from structures; and in many 
cases the structures themselves, as 
wholes, seem to operate not sequentially 
but in a contemporaneous or concurrent 
fashion. Unless causality is already set 
in this “framework of structure” it 
becomes merely a pyramiding manifold 
of happenings without relevance to the 
structural problem. But when it is 
placed in such a setting is anything of 
importance added to the picture by the 
notion of causality? 


288 


III. TOWARD A GENERAL THEORY OF 
EvEeNntT-STRUCTURE 


It appears, therefore, that the attempt 
to explain structure through the cus- 
tomary time series of cause and effect 
is futile. Some other explanatory con- 
cept must be sought that will circum- 
vent regressus and link up events in 
some kind of pattern. Explanations 
must lie in the approximate “here and 
now” rather than in the remote past. 
The only way to accomplish this seems 
to be to cut across the conventional and 
absolute “time stream.” One can think 
of time as the duration occupied by the 
successive ongoing processes and events 
of a particular pattern that closes itself 
through a cycle of operation. Taking 
this idea as a clue, we shall begin the 
presentation of our proposed theory of 
structure by stating the following pos- 
tulate: All structures of events have a 
self-closing or cyclical character. In- 
stead of depicting the events of any 
aggregate, M, N, O, P, or P, Q, RS; 
as a linear series, we shall always try to 
think of their occurrence as shown in 
Fig. 2. If P starts the series, the event 
succession returns to P, or at least to 
the region in which P occurs. If it re- 
turns to P, it may, thereafter, keep on 


S 


Q 


_ Fic. 2. Hypothesized arrangement of events 
in a (self-closing) structure. Arrows indicate 
event succession in “structural” time. 
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Fic. 3. Causality seen as dependent upon 
a prior hypothesis of structure. P is taken aS 
the “starting” event. The cycle of events, a 
indicated by the arrows, repeats itself. ka 
kinematic closure. It is maintained that on 
in such a predictively self-closing arrangemen” 
(structure) does “true causality” (i.e. POs 
tive and negative prediction by single abe 
roles) occur. Contrast this figure with 
compounding linear regressus of Fig. 1. 


going in the same manner through rep& 
titions of the cycle. If the cycle thus 
repeats itself, that would represent a” 
other “round” of “structural time. 
Time is thus always of the structure: 
Though many such cycles of events 
may, of course, be connected by Oe 
mon events, regressus will be elim; 
nated, first, because each structure pai 
serves indefinitely its own characte 
istic pattern of ongoings, and second! ye 
because, though cycles can be ieg 
indefinitely through space, their m 
peating) operations may be actua z 
“simultaneous” (that is, contemporane 
ous) in the linear meaning of act 
The causality definition can here be ee 
introduced, if we wish, but this time 
a structural rather than a linear setting 
Figure 3 will illustrate this usage- agi 
arrows suggest that this is a “repeat 
cycle. We shall speak of the fact t? g 
the series returns to P (its starta 
point) as “kinematic closure” of se 
cycle (k. cl. in Fig. 3). In this ae 
the closure is “positive” since it gi 
plies a continuation of the cycle- 


! should be recognized, however, that the 
l reintroduction of causality, as shown by 
the symbols, is merely a device for se- 
mantic convenience. It does not con- 
tribute anything beyond the postulate 
of structure upon which it is here al- 
ready predicated. P is the sufficient and 
necessary condition of Q, Q of R, and 
a on, only because of the postulated 
elf-closing character of the pattern. 
| But in order to fit the facts of be- 
4 an there must be introduced a sec- 
of cl Ogical construction, having a type 
a e prediction different from the 
sition : contains, at the last event po- 
salik of the cycle, a new type of cau- 
the A et that is the inverse of 
iii ; namely, if S occurs, P (the 
KES event) will not recur, and if S 
| (ta not occur P will keep recurring 
|. ETR of the structure at P to some 
Bile rer on A aM SE H 
that it is tt s ete 
is fund the structural hypothesis that 
cepts ee not the symbols or con- 
sow. of causality. This construction 1s 
n in Fig. 4, and kinematic closure 
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Fic, 
structy 4 Causality seen as dependent upon 
reversed” with the predictive roles of S and S 


Sccurs n compared with Fig. 3). If S 
the eyde starting event, P, does not recur; 
* do hae ends in the “region” of P. If S 
Yan ouecth P, assuming that it is “fed” 
though hoe event, X, keeps recurring even 
The cyel e cycle as a whole does not close. 
© is thus one of a nonrepeating type- 
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is here said to be negative. Such an 
arrangement typifies those cases in 
which the events of the cycle terminate 
upon a return to the initial region (non- 
repeating cycle). It may follow, in 
some cases, upon a series such as that 
represented in Fig. 3. An illustration 
of the latter condition would be found 
in food-taking behavior (by taking re- 
peated mouthfuls) as the “hunger con- 
tractions,” P (perhaps from blood- 
stream events), continue in the stomach. 
After a certain number of mouthfuls 
are taken, the situation represented in 
Fig. 4 would occur, brought about, per- 
haps, by a tangent cycle involving “nu- 
trient” events in the blood stream. An- 
other example of negative closure is to 
be found in the breaking of contact 
(event S) with a hot object, an event 
through which the initial event of stimu- 
lation (P) is prevented from continu- 
ing or recurring. If the reader wishes 
to generalize these schemes of positive 
and negative kinematic closure, he will 
find that they have a very broad appli- 
cation to behavior. It might, perhaps, 
be objected that if we do not come 
back to an actual reoccurrence of event 
P (Fig. 4), we do not have a true 
closed cycle. We do, however, have a 
closed cycle in a fundamental sense, 
since, in order for P not to recur, there 
must be a change or “deflection” of 
some sort in the region of P that negates 
P’s recurrence. For example, in the 
breaking of the contact of the hand 
with the hot object, the events do bring 
us back to a change in the state of af- 
fairs in the initial region. 

We need one more addition to this 
purely logical stage of the model, 
Structures, wherever we take them in 
nature, probably never exist “in a 
vacuum.” There is always “tangency” 
with other structures somewhere; and 

S 
we can be sure that our structure R P 
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Fic. 5. A hypothetical event cycle (left) 
whose events (energies) are being augmented 
(or decreased) by interstructurance with a 
“tangent” structure shown at the right. 


is not only operating at its own “proper” 
level or frequency of events, but is ca- 
pable of receiving events (i.e., energies) 
from adjacent structures, or, perhaps, 
of losing energy to them by some kind 
of pre-empting of its elements. Let us 
Tepresent such tangencies, with applica- 
tion to both the earlier nonrepeating 
and repeating models, by the symboli- 
zation of Fig. 5. X, which is an event 
(event role) of another structure, is not 
here regarded either as a sufficient or a 
necessary condition of P, in the sense 
of P as an event role, The position P 
would be the site of some events with- 
out the aid of the tangent structure. 
X provides merely an “energic rein- 
forcement” of (or perhaps detraction 
from) the events occurring in structure 
PORS. Linear causal regressus, in Fig. 
2 through 5, has entirely disappeared. 
Aside from the structure PORS, taken 
together with other structures (such as 
WXYZ) that may be immediately tan- 
gent to it, we have no interest in the 
nexus of events either in the past or the 
future. We do not care what the sources 
may be from which the contributing 
Structure has, in turn, had its own en- 
ergies supplemented, so long as the en- 
ergies and the energic contribution of 
that structure to the main structure can 
be determined. 

So much for the general format of the 
logical model. It was intimated above 
that the letters of the model are really 
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event roles. The term “energies” was 
also used. These matters must now be 
explained. One of the defects of the 
notion of cause and effect, in addition to 
those mentioned, is that it implies that 
there is a specific event, O, invariably 
preceding and followed by another spe- 
cific event, P. Empirical observation 
of event series, however, shows that 
such identifiable sequences of specific 
happenings do not invariably occur. 
We can say only that there is a certain 
probability that P will follow, and be 
preceded by, O. In fact, the occur- 
rence of O (or of P) itself is a matter 
of probability dependent upon pale, 
conditions. Instead of saying me: b 
then P,” we might better say eet d 
ability of O, probability of P, ae 
then add a third probability to expres 
their joint occurrence or succession 
Probability considerations, kowee 
ways imply that we must have a jar 
large number of cases to observe. ’ 
order to determine probability or €% 
pectancy many events (or failures a 
events) and many successions or fai 
ures of successions must be counte 
under the classifications 0 and P ane 
their interconnection. A further m 
perative reason for this pluralizing is 
the event concept within a role is i 
fact that we must make our model Js 
structure general. It must fit all ive 
of nature (not just the macroscopic 
molar level) or it will probably not 
any. 

We might as well resign ourselves 
then, to the necessity of treating even 
at the level of the microcosm (i.e. in 
most minute elements or happenings e 
nature) right at the start. And T 
what has just been said of the inde a 
minacy of specific events and their z 
cession applies with great force. ne 
is, for example, no way of predicti? 
that a certain minute particle, @, ies 
collide with a certain particle, b, ae 
hence there would be no prediction © 
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one-to-one series or closed sequence of 
such specific events. The best we can 
say is that for any particle there is a 
certain probability, through time, that 
it will be in a specified region and hence 
that it will be “available” there for an 
event of encounter with another par- 
ticle. Whether one of these ultramicro- 
Scopic events will take place between 
two particular particles is “upon the lap 
Of the gods.” There is, however, a 


certain “probable density,” or probable > 


faiber of such encounters, that can in 
a aggregate be predicted to take place 
If pan region through a given time. 
is is so, there is also a degree of 
peels. that such (probable) en- 
ee will occur in all the regions 
Ca nd the (hypothetical) structure. 
ON and effect, in the usual sense, 
a therefore be replaced by a sta- 
a treatment of the matter. Where 
in e mber of minute events recurring 
fhe certain region is very large, so that 
be y can be observed “macroscopically” 
“the 6 it were en masse, we say that 
dn ee O” (at our level of observa- 
aen occurs, And if one of these 
nae Oscopic) “events” regularly fol- 
ral ae: egg in successive spatiotempo- 
gions of observation, we say “If 
bags P”-or, “O is the cause of P.” 
ment owever, is only a crude state- 
one one not at all suited for the 
fife study and explanation of struc- 
of pre formulation of events in terms 
fer. ability holds, of course, for all 
and ee positions labeled P, Q, R, S, 
ig A as the preceding diagrams. (In 
lowin probability in position P, fol- 
falls ae occurrence of events at S, 
EH Rey toward zero.) In order 
ape these concepts it is evident 
ete. ie must always regard P, Q, R, 
definite ‘th, logical model not as single 
regions appenings, but as indicating 
events of space through time in which 
May or may not occur. They 


291 


are the “event regions” that are hy- 
pothesized as defining the structure. 
We must also be prepared to conceive 
the events in vast numbers in any re- 
gion, and in ultramicroscopic as well as 
in macroscopic terms. But let us re- 
member the further aspect of prob- 
ability that must be incorporated in the 
design. Having dealt with the prob- 
abilities that events will occur in each 
of the regions P, Q, R, etc., singly, we 
now have to consider the probability 
that they will occur (with sufficient 
probable density) in al these regions of 
the self-closed structure taken together, 
that is, around the cycle, either simul- 
taneously (if continuous) or in immedi- 
ate temporal succession. As this prob- 
ability approaches 1.0, it means that 
the structure in question is becoming 
increasingly clear and predictable. It is 
hypothesized that this is the phenome- 
non that takes place in both learning 
and perception. 

Our second postulate, then, is as fol- 
lows: The observed occurrence of a 
structure of happenings is dependent 
upon (a) the probability of occurrence 
of events in each of the (event) re- 
gions of the structure, the regions being 
taken singly, and (b) the probability 
of the joint (or successive) occurrence 
of events in all the regions of the struc- 
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Fic. 6. A hypothetical event cycle (left) 
with indications that there are probable num- 
bers of events (event densities) in the respec- 
tive “event roles.” Capital letters now sig- 
nify space and time event regions, rather than 
single events. An interstructurant cycle is 
again shown at the right. 
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ture. This postulate is symbolized in 
Fig. 6 in which a larger number of re- 
gions is employed, the main structure 
under consideration being shown at the 
left. In this figure p indicates the prob- 
abilities within the single event regions 
represented by capital letters, and p 
the probability of the structure as a 
whole. As before, a contributing tan- 
gent structure is included for complete- 
ness. The J between Q and X repre- 
sents an expected “interstructurance 
ratio” between increases of the events 
in the regions of structure WX YZ and 
those of the main structure, If the 
main structure is a food-taking behav- 
jor cycle, the contributing structure 
might be a cycle of events in the blood 
stream. Solid arrows indicate the tem- 
poral succession of events in the regions 
of the cycle. 

Before going further with the model, 
which is still, for the most part, only 
in a logical stage, let us make some 
direct applications to the organism. 
Again we shall discuss the example of 
the boy getting a drink of lemonade, 
but shall ignore the contributory cycle 
(at the right in Fig. 6) and consider 
only the main structure, Figure 7 pre- 
sents, for this purpose, a cycle having a 
greater number of event regions. Prob- 
ability symbols are omitted but should 
always be understood, both for the 
event regions and for the structure asa 
whole. Let us first establish a clearer 
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Fic. 7. A hypothetical event cycle of an act 
(see text) 
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definition of the term “event.” This we 
shall define solely in terms of an indi- 
visible, all-or-none, happening, as, for 
example, in an encounter or collision 
where minute particle elements come to- 
gether (or, in relativity theory, to “near 
points”) and then go apart again as 
they continue on their courses. Events 
may also be the sudden breaking of 
contact between elements. The dichoto- 
mous states involved in ionization and 
chemical interchange could come under 
this general definition of events. Such 
a definition may not seem at first to ft 
happenings like action across synapses; 
but it is believed that, if conceived at a 
fine enough, ultramicroscopic, level, r 
can be considered appropriate. A single 
event, then, is a “dichotomizing,” non- 
quantifiable, happening, and nothing 
more. Its representation on a spatio- 
temporal model would be merely 4 
point. We shall sometimes, for con- 
venience, speak of “an event” in the 
singular when we mean a large num- 
ber of such events (that is, an event 
role); but it should always be remem- 
bered that the letters of the diaga 
(Fig. 7) represent event regions 0 
space and time in each of which @ 
large number of these elementary events 
occur, giving us, when they occur at 4 
probable density of threshold fregen 
“the event” as macroscopically observed: 
Thus, as we know, a large number ks 
stimulation points are involved on a 
retina or the skin as the boy sees t 

pitcher and the chair or as he see 
these objects. A large number of A 
ferent-neuron excitations and cortica 
synaptic events are involved in thé 
sequelae of these stimulations. 4 

large number of muscle-fiber-activatio” 
events occur at the efferent end plates- 
Many molecules of liquid strike the 
boy’s throat as he drinks, replacing the 
many that have evaporated from the 
throat membrane. Each of these plu- 
ralities can, of course, be regarded 4§ 
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the compounding of events in their 
more elementary status at the molecular 
or atomic level. It is useful to regard 
some one (or more) of the event re- 
gions of the model as a “primary” 
event region in that it represents the 
initial marked increase (or decrease) in 
events (energies) through tangencies 
with an outside structure. This pro- 
cedure also locates the point of closure, 
which comes just before the primary 

event region (&. cl. in Fig. 7). 
£ Let us now represent the event of 
Mosca! drying” or, more exactly, the 
pe in which many microscopic events 
gi change occur as the body mois- 
ite evaporates, by A (Fig. 7). A; 
se _is the primary event region. 
i itting vision and some other aspects 
or simplification, we can now assign to 
the other letters, as regions, approxi- 
mately the following event roles: B, 
Stimulation of receptor(s) in throat 
eg (from the drying); C, ex- 
daie of afferent neuron (s); D, ex- 
ee of neuron (s) at synapses m the 
Gtlier nervous system; E, excitation of 
ine at other synapses; F, 
tals ion of efferent neuron(s); G, ex- 
a ha of extensor arm muscle fibers 
Sardi plates (hand here moves for- 
bul toward the chair); H, contact of 
ama with chair; J, stimulation of pro- 
ie and tactual receptors by 
e el J, K, L, M, etc., afferent, 
ewan efferent, and muscle-fiber ex- 
th tons (as hand closes on the back of 

chair). 

Sh this point on let us simplify 
of a. by conceiving further elements 
ing series (dotted line) as represent- 
oa Other neural, synaptic, muscular, 
as Dorah end bodily contact events 
Fe the chair is placed in position and 
e boy climbs up, takes the pitcher, 
glas S a glass of lemonade, and tips the 
ee ea at his (open) mouth. Even- 
it vy we come to an event (let us call 
at which the liquid encounters 
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the throat membrane and the “moisten- 
ing” of the throat represents a partial 
negation (diminution of energies) in the 
“drying” events of the tissue. With 
kinematic closure at Y, then, we come 
back to the starting (or primary-event) 
region. Since the tissue-drying events 
are only partially reduced in number, 
a repetition of a part of the cycle will 
occur (positive k. cl.). This part, not 
distinguished in the diagram, could be 
charted as a “component” cycle in- 
volved in the taking of successive swal- 
lows. Finally, as the “swallow cycles” 
continue, event densities at A are re- 
duced to a state at which the whole 
cycle is energically “in equilibrium.” 
Events at A now cease to occur (nega- 
tive kinematic closure) and with their 
nonoccurrence the remainder of the 
cycle is negated, at least in so far as 
the superthreshold level of “conduc- 
tion” and overt action is concerned. It 
should be noted (though it cannot be 
explained at this point) that some of 
the event regions in the cycle may be 
more “readied” than others. That is, 
they may already have an event density 
approaching threshold, though the re- 
mainder are not yet at a probability 
stage in which the structure as a whole 
can appear. Continuation of the oc-. 
currence of events in the “readied” re- 
gions (see later) would guarantee their 
presence when needed for the total 
structure. (Many considerations that 
would need to be included in a full 
structural diagram, such, for example, 
as a coordinated cycle of mouth open- 
ing and [later] closing, have been 
omitted to simplify the illustration. 
Tangent “feedback” cycles of optical 
and opposed neuromuscular ongoings 
have also been omitted.) 

There is still one feature that must 
be added to the logical model before it 
can be given its full physical or or- 
ganismic significance. The events A, B, 
C, etc. of Fig. 7 are really connected. 
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Is such connection only a matter of ab- 
stract joint probabilities, or is it “physi- 
cal”? Theory and common sense both 
require the latter answer. If events 
represent encounters between minute 
(hypothetical) elements that collide. or 
come to “near points” in their ongoings, 
then the only way in which such events 
can be connected is by the fact that 
one ongoing element, after it encounters 
its opposite, continues and makes an en- 
counter with another ongoing element. 
To illustrate such ongoings in our ex- 
ample let us recall that water molecules 
travel in space as they “evaporate” 
from the throat membrane. Some ki- 
netic feature is probably also present in 
the molecular activity of receptors, con- 
necting stimulus event with afferent- 
neuron-excitation event. A neural im- 
pulse represents a whole train of minute 
cyclical ongoings (of ions) through and 
along the neural membrane, connecting 
the events of excitation at one end of 
the neuron with events of excitation at 
the other. The more grossly perceived 
ongoing of the hand as it raises the 
glass, represented at a microcosmic or- 
der by neural and muscular ongoing 
cycles, connects the event region of 
“glass grasping” with that of “glass 
tipping.” The flowing (or fall) of the 
liquid is the descending portion of a 
gravitational cycle of ongoing and con- 
nects the events of displacement of the 
liquid as the glass is tipped with the 
events of the droplets striking the 
throat. In this way a connection of 
events is provided by each ongoing role. 
There is also a connection of the on- 
goings by events. There is, in other 
words, a structure of both ongoings and 
events. A kinetic or “motion” aspect 
must therefore be added to the elements 
of the model. To this task we shall 
presently return, Again we note, from 
the format of the model, that these sev- 
eral ongoings (which are in general 
themselves cyclical) and the events by 
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which they are connected and which 
they connect form, when taken together, 
an over-all cycle (Fig. 7). And again, 
the numbers in which events occur in 
each of the regions separately, and 
therefore the probability of the be- 
havior structure as a whole, are a mat- 
ter of the (sub)microscopic probability 
density at the event regions. 

It will be seen that regressus is com- 
pletely eliminated from the model. All 
that is needed is that there be a suffi- 
cient space and time availability of on- 
going elements at event regions neces- 
sary to constitute a structure. The 
pitcher of lemonade might have been 
on the buffet many hours, or it might 
have been there for only a thousandth 
of a second before the boy’s eyes 
turned toward it or his hand encoun- 
tered it; and it could have come there 
through any one of an indefinite num- 
ber of pyramiding lines of “causality. 
These considerations are without sig- 
nificance for our present problem. The 
only thing that concerns us about the 
concentration of molecular cycles we 
call the pitcher and its contents is the 
probability that such a “concentration 
will be present at a time and place that 
will permit encounters to be made with 
it by the “ongoing elements” of the 
boy’s hand. Since, however, all events 
have a certain degree of randomness, 
this requirement makes room for “ap- 
proximations.” If, for example, the 
pitcher had been in another room, O" 
had been available only just before the 
maximal drying (events) of the boy's 
throat occurred, the probability that 2 
lemonade-getting-and-drinking structure 
would have occurred would have been 
less (though still not necessarily zero). 
And the same can be said for probable 
density at all the regions of the struc- 
ture, including its tangencies with other 
structures, such as those of blood-stream 
events, which lie inside the organism. | 

It is unnecessary to ask what “makes 
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or “brings about” all these regional 
event probabilities and their concur- 
rence in time and space. They are im- 
plicit in the empirical situation itself. 
If they were not, the structure (that is, 
the behavior) would not occur. No 
field expectancy,” “organizer.” or “en- 
telechy” is needed in a theory of event 
structure. We can think of the pitcher 
of lemonade, the glass, the chair, the 
internal systemic changes that occur in 
thirst” and all other relevant situa- 
tional features as “bounding conditions” 
of the lemonade-taking-and-drinking 
structure. These bounding conditions, 
pan are themselves self-closing struc- 
i i es, increase, by imposing space-time 
its upon the freedom of adjacent 
Ongoings, the probability that the 
(bounded) ongoings of the cycle un- 
er consideration will come to events 
at intervening regions (including syn- 
aptic areas) with a density above the 
Ge eee threshold; and in so doing 
cad oe to bring about the self-con- 
Gon and self-closing structure of the 
pene) behavioral act. The impli- 
= “es of this conception for a new 
ing oe comprehensive theory of learn- 
ability evident. The notion of the prob- 
ee y density of a structure’s occur- 
a 4 under given bounding conditions 
ae be substituted for such earlier 
ie as sign gestalten, “stimuli” 
of arly evoking “responses,” strength 
mee S-R linkages, and the 
es ction and fixation of neural path- 
due The difference between conti- 
A y and noncontinuity learning may 
iip ely a difference in the shape of 
as Curves of distribution of the in- 
asing probable structural densities of 
ae as the experimental situation is 
EOF the curve in each case being 
ation along a continuum of structuri- 
impo s or “trials” with experimentally 
iffe sed bounding conditions that are 
rent in the two cases. 
Let us now return to the problem of 


representing the motion of ongoing ele- 
ments in the model. In order to supply 
this feature, the ongoings must be rep- 
resented as curves, each suggesting con- 
tinuous motion; for it seems probable 
that at the minute levels of nature 
particles are in continual motion and 
that their motion is cyclical or vibra- 
tory. Moreover, nothing ever starts 
from a position of ascertainable “abso- 
lute rest” or proceeds to another point 
of absolute rest. In fact, if we are to 
get away from a purely static concep- 
tion, points in space and time are de- 
finable only as the points of conjunc- 
tion between ongoings or motions. Let 
us try to diagram the situation, at first, 
without any consideration of where the 
ongoings start or of their ultimate des- 
tiny. Let us also avoid trying, for the 
moment, to link the model too closely 
to neurophysiological considerations. 
Figure 8 shows six ongoings (broken 
lines i to v, and 7) with event regions 
between adjacent ongoings. Evidently 
we must assume that there is something 
in each case that “goes on.” Without 
trying to be more specific, let us postu- 
late, for the purpose of the geometry of 
the model, that it is, i» the last analy- 
sis, a “continuance-head” (or particle?) 
of the smallest conceivable magnitude. 
(If the diagram were adapted to our 
present example, the compounded, or 
higher order, ongoing elements would 
represent such features as ion cycles in 
neural impulses, muscle-fiber molecular 
lengthenings and shortenings, flowing 
of the liquid, and so on.) The “event- 
connecting” segments of these ongoings 
occupy the central portion of Fig. 8. 
These ongoings must, of course, be con- 
ceived in plural number for each on- 
going role; and we know, in fact, that 
this is actually the case. In any act of 
behavior, after many points are stimu- 
lated on a receptor surface, many neural 
impulses travel, as it were, “in parallel,” 
many cortical fibers are involved, many 
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Fic. 8. The structure (?) of a behavioral act, with its on, 
as it would a 


goings connecting the event regions; 


ippear if the ongoings were conceived as indefinitely extended (ie, linear). $v- 


Ongoings (really pluralities or “sheafs” of ongoin; 
regions of the (assumed) structure. Dots in th 


region where an interstructurant ongoing, 


structure of events and self-closing Ongoings. 
this model. 


muscle fibers contract in their common 
role in a single effector movement, and 
so on. Note that this feature is sug- 
gested in Fig. 8 by the duplication of 
the lines for the ongoings (shown only 
in the areas of the event regions). 
Events between these multiplicities of 
ongoings, whose probable density or 
numbers in the several regions underlie 
the structural Probability of the act, 
are indicated by dots. Ignoring on- 
going r and region X for the present, 


gs, as shown at event regions). A-E. Pren 
e regions represent events. X is an even 


r, contributes events (energies) to the main structure. 
If the arrows in the central part of the figure really identifi 


would symbolize a (self-closing) structuring of ev 


ed a temporal succession, the ni 
ents; but it would not represent a comple 


A : ive in 
Structure, in other words, is not pervasive 


we shall regard ongoing 7 and region a 
as our starting point. The short wane 
arrows indicate the direction or sense 0 
the ongoings; and they show a tempo- 
ral clockwise succession of event wee 
rences in regions A to Æ and back to A, 
as indicated by the longer broken ar- 
Tows at the margin of the figure. We 
now have a cyclical structure of events 
(but of events only), connected by con- 
tinuous ongoings which themselves ate 
not structured but extend (small arrows 
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at the periphery) from an indefinite 
Past into an indefinite future. Let us 
see if this construction is satisfactory. 

At least three provisions must be 
made for any structural model of be- 
havior: (a) It must accommodate it- 
self both to relatively stationary and to 

Successive” patternings. In some struc- 
tures, as, for example, in perceptions of 
objects, all parts of the object seem to 
be perceived at once. On the other 
hand, many typical structures of behav- 
lor have a cyclical succession of hap- 
Penings (as we have shown, for ex- 
ne in the case of the boy and the 
engi! (b) In order to meet the 

‘ter requirement there must be some 
A spc arrangement for the timing of 

e ongoing elements so that the events 
(regions) will occur in proper order. 
Many behaviors not only occur in 
A Sara arrangements but are sus- 
ge in the sense of a repetition (of 

€it complete cycles), through time. 
en feature, which is called steady 
ie a continual input con- 
a ion of events (energies) from 

me explicable source. 

i n examination of Fig. 8 shows that 
rae ation there presented does 
itt deet these requirements. Time co- 
i ongoing elements in an 
succe Tegion and time sequence of the 
ant Ssive regions are shown but not 

Plained; and in order to account for 
Sg we would probably have to in- 
Sie special “organizing agency.’ 
ing at or simultaneous event structur- 
sides a be accommodated if we con- 
of pa lat, instead of separate “volleys 
ee tticles coming to events in the re- 
ticles bs have a continuous flow of par- 
aver. Ong the course of each ongoing. 
we S would then be occurring in the 
eaS (A... E) in practical 
Sented o7 The situation so repre- 
“equilib might be equivalent to an 
should rium” of the structure. If we 

wish to turn the picture into a 


S 


kind of succession, we could do so by 
adding an “input source” in the form 
of another ongoing stream (r in Fig. 8) 
which comes to an event region (X) 
with one of the ongoing streams of the 
main structure. If the increases in num- 
bers of events introduced into the cycle 
at X are passed on from one stream of 
ongoings to another, we would then have 
successive increases of density in re- 
gions A through Æ, and thereafter, un- 
der conditions of positive kinematic 
closure, around the cycle repeatedly. 
We can suppose that there will be some 
sort of output tangency to keep the 
state in balance, so that the full energies 
continually being added to A from X 
are not passed back from Æ, via i, to 
A, but only a portion of those energies. 
This interesting explanation, which may 
be called a theorem of “conduction,” 
gives a basis for steady state. So far 
so good. But a difficulty arises in these 
explanations both of equilibrium and of 
steady state. Some continuous source 
for the ongoings (i.e., ongoing elements) 
is needed in both instances. Where, 
for example, does ongoing r get its sup- 
ply? Either we must think of these 
sources as the ongoing lines themselves, 
extending from an infinite past, a con- 
clusion at odds with the temporal self- 
containedness of phenomena, or else we’ 
must suppose that they are derived, for 
each of the unclosed ongoings in the 
figure, from tangencies with other, more 
remote, sets of (unclosed) ongoings. 
In the latter case we begin to slide 
back into the old multiple regressus. 
The difficulties here encountered can 
be summarized by saying that we have 
been trying to build a self-closed struc- 
ture out of materials that are them- 
selves unstructured. One cannot make 
a true structure out of open-ended lines 
that merely “butt against” one another 
as in Fig. 8. Structure must be per- 
vasive if it is to exist at all. It must 
be composed of units (in this case, on- 
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goings) that are themselves self-closed. 
We need, therefore, to suppose that the 
six ongoing roles of Fig. 8, instead 
of extending out indefinitely in space 
through time, have a curvature through- 
out their course and return upon them- 
selves. Could we say, perhaps, that 
the ongoings follow the curvature of the 
continuum of space-time? 

Without trying to elaborate the last 
proposal we shall pass at once to a new 
and final design in accordance with the 
idea just expressed. It represents merely 
an extension of our first postulate (self- 
closedness) down to the lowest orders 
of the microcosm. For cartographic 
convenience only six subcycles of ongo- 
ings and six event regions will be used. 
Actually, of course, there would be a 
very large number since the model must 
be conceived, ultimately, in microcosmic 
terms. In Fig. 9 we have shown this 
structure, in principle, as 1, together 
with out-structural tangencies with two 
other structures, 2 and 2a, affording an 
input or added increment of event den- 
sity, and an output, respectively. The 
legend will recall the meanings of the 
various symbols, and the earlier or- 
ganismic details given for the boy- 
lemonade episode in connection with 
Fig. 7 (or any other behavior by which 
the reader might wish to test the 
model) will supply illustrative content. 
In applying the construction of Fig, 9 
it should be remembered that there is 
no limit upon the number of subcycles 
of which the structure under considera- 
tion can be composed. We now have a 
consistent theoretical model of a struc- 
turing of events, in this case the struc- 
ture of a behavioral act. It consists 
(see structure 1) of a set of subcycles 
of ongoings and a cycle of events (event 
regions) between, and provided by, the 
ongoings—a cycle of cyclical ongoings 
and events. Though the evidence can- 
not be here fully Presented, but must 
rest with the specifications of the micro- 
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cosm previously mentioned, the writer 
believes that the gross and finer facts 
of neurology, physiology, and environ- 
mental contacts will justify the use of 
such a model for the description of be- 
havior. It is also consistent with struc- 
tural principles to assume the existence 
of “higher” orders of structure, that is. 
of structures that are composed of cycles 
of cycles of cycles, and so on. For ex- 
ample, conceive a larger cycle made by 
joining a number of cycles such as 1 in 
Fig. 9. Structure can thus be pervasive 
and can provide an explanation of the 
various levels or “hierarchies” of na- 
ture. (As the reader will see, this was 
impossible with constructions like that 
of Fig. 8.) Such higher orders, for ex- 
ample, might describe the collective 10k 
“social” structurings of the behavior 
structures of individuals; and such 4 
description could well replace the pres- 
ent ambiguous and unsatisfactory term 
“group.” ? 
The three requirements listed earlier 
for a structural model are all met by 
Fig. 9. Equilibrium or a “static” struc- 
tural condition is achieved under cet 
tain conditions by the fact that the on- 
goings of each of the subcycles (see 
smallest arrows) return again after one 
event region to the region where they 
had been just previously. With a con- 
tinuous flow of elements around each i 
the ongoing subcycles, a virtual eee 
taneity of events would occur through- 
out the structure. But whenever 4 
sudden increase in the probable density 
of events is given through a tangent La 
put structure (2 in Fig. 9), the pe 
librium of the structure is disturb 
and this increase, beginning with t 
primary event region, that is, the Te 


* The vibrations of molecules in solid, ee 
loidal, or liquid states might be an exe 
of such an equilibrium,  Postural-tonus aa 
also suggested, though this may also Bar 
something of the character of a steady (repe 
tive) state of the whole cycle. 
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Fic, 9, Hypothetical diagram of the event structure of a behavioral act. 1. The event cycle 
of the act under consideration. 2, 2a. Tangent cycles providing “input” and “ output, Tespec- 
tively, Broken line circles (see 1) are the self-closed ongoings of subcycles, with duplications 
to show plurality in each “role.” Small arrows show direction of these ongoings. A-F. event 
wets of the act cycle. Dots indicate events (as of encounter) between the Ongoings. $, $, 

©. Probable density (or number) of events (energies) in a region. p. probability of the oc- 

ürrence of act structure as a whole (“structural probability”). %.cl. kinematic closure (+ or 
Broken line arrows show the order of succession of energic increments received from 
Structure 2 as they are passed along through the event regions. I represents “interstructurance” 
structures 1 and 2; it also refers to an “interstructurance index.” (Ongoing and event details 


© completed for only a portion of the figure.) 
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gion first increased, is displaced around 
the cycle of event regions (broken ar- 
rows). Such a situation occurs in the 
full phasic sequences of a behavioral act 
and perhaps even at subthreshold den- 
sity levels. With repeated rounds of 
the event cycle, should these occur, we 
would have a steady state. The prob- 
lem of coincidence timing is solved by 
the reverberating character of the sub- 
cycles, which, with particle-elements 
continually ongoing, provide a con- 
tinual availability for events. Succes- 
sion in time could be guaranteed, in the 
sense of a succession of energic in- 
creases, by the passing along of incre- 
ments from one event region to the 
next in the steady-state condition men- 
tioned above. There is now no diffi- 
culty in providing for the source of the 
energic units of the cycle, or of the 
energic contributions made to the struc- 
ture by adjacent structures, For we 
are not faced by a regressus to indefi- 
nite origins. The subcycles themselves, 
and the cycles of the tangent struc- 
tures, continually Possess availability 
for events in the immediate present by 
the self-closing and repetitive character 
of their ongoings. And we need to con- 
sider only the event cycle of the be- 
havior in which we are interested plus 


the cycles that are immediately ad- 
Jacent to it. 


The task outlined at the beginning of 
this article has now been, at least in 
part, accomplished. It has been shown 
that by laying aside linear models and 
linear causality, and by passing over 
into a logic of structure supplemented 
by Probabilities, we can arrive at a 
fairly clear conception of “another type” 
of natural law. The conception of such 
a law is essentially “geometric” rather 
than quantitative. Our statement of 
this (hypothesized) law, however, has 
been as objective in Principle and pre- 
‘cise in reference as statements of laws 


that are based on “abstracted” meas- 
ured quantities. The writer maintains 
that the proposed paradigm is general 
for all acts of behavior and that it 
even suggests a unifying bridge across 
the “hierarchy of the sciences.” Event- 
structure theory, though it includes 
quantitative considerations, nevertheless 
rests upon a foundation that is basically 
nonquantitative. Consider, for seme 
such concepts as the self-closedness 0 
ongoing, the forms of kinematic closure, 
the indivisibility of an event, and the 
compounding of structural orders. No 
statements of dimensions, counts, ms 
measurements can convey the full an 
essential meaning of these conceptions. 
The system is essentially a ramme 
of ongoings and their interrelations 2 
“event points.” In short, it is a theory 
of structural kinematics. But at the 
same time a place for quantities an 
covariational laws is provided. cs 
quantities are probably related, in the 
last analysis, to energies; and energies 
can be represented, as we have shown, 
as structured potentialities for numbers 
of events. Hence the entire conception 
embraces also a theory of “structuri 
energics” or “structural dynamics. 
is important to note, however, that : 
rational place for quantitative mee 
could not have been provided without 
the (nonquantitative) structural kine 
matics. E 
The writer believes that the ae 
structural paradigm will be found to 
applicable to all organismic phenomen® 
at the biological and physiological, 4 
well as at the behavioral, level, 2a 
that it will apply also to collective © 
social aggregates. Obviously the thean 
as here proposed, is only in a pioneer 
ing stage. The account here given i 
also merely a general outline from 
which many details have had to be 
omitted. Many questions arise fot 
which answers must later be provided; 
and a large amount of work, bot! 


ee 
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experimental and theoretical, will be 
needed in order to arrive at a true 
appraisal of its validity. A further, 
though not a final, step in the theory’s 
Presentation, in which some of these 
questions are answered and additional 
Properties and principles of structure 
appear, will be undertaken in a forth- 
coming volume (1). The theory will 
there be approached and exemplified 
through the facts and theories of per- 
ception. 


IV. Quantitative Aspects OF EVENT- 
STRUCTURE THEORY (STRUC- 
TURAL ENERGICS) 


It is hoped that nothing that has 
been said will be construed as a failure 
to realize the importance of quantita- 
tive methods in the work of science. 
The quantitative and nonquantitative 
aspects of investigation should proceed 
together. An attempt has therefore 
been made to deduce some quantitative 
hypotheses from the over-all model, 
and, through the aid of students and 
aa aciates; these hypotheses have been 
ested experimentally. Space will per- 
mit only the briefest description of this 
work, 

b The major hypothesis, thus far, has 
een concerned with predicting the 


. amount of energy in a structure (cf., 


en pitstrative discussion, structure 1 
é ig. 9). Such energy or probable 
vent density is conceived under two 
aspects, the “autonomous” or “proper” 
energy of the structure, which is called 
an energy of “structurance,” and the 
Sie that is contributed to it by 
‘er structures in “constructurance” 
ae it, such, for example, as that 
oe, at 2 in Fig. 9. There may be 
mit of these or a great many, but all 
se be considered. Such contributions 
meee the energy of “interstructur- 
Mens pOT the “interstructurance incre- 
€nts” provided to the main structure 
Y its surrounding tangent structures, 


or “manifold.” But the structures of 
the manifold may, in some cases, be 
“entistructurant,” rather than construc- 
turant, to the main structure. That is, 
there may be some kind of kinematic 
“deflection” which deprives the main 
structure of energies by decreasing its 
probable density, so that, instead of 
having the two structures increase in 
energies together when the tangent 
structure receives increases from its 
manifold, we may have a decrease in 
the energies of the main structure as 
the tangent structure is increasing. The 
contribution to the main structure from 
manifold structures (e.g., from struc- 
ture 2 in Fig. 9) will, in such cases, 
have a minus sign. The constructurant 
relationship represents instances of fa- 
cilitation in the biological, behavioral, 
and social realms, while the antistruc- 
turant relation represents alternation, 
inhibition, or “conflict.” Furthermore, 
it is conceived that such additions or 
subtractions of energy proceed by con- 
stant (kinematically determined) ratios 
to increases in the manifold structure. 
This ratio (increase in the main struc- 
ture divided by the attendant increase 
or loss in the manifold structure) is 
called the “index of interstructurance” 
of the manifold structure to the main 
structure. The interstructurance index 
(suggested as applying at I in Fig. 9) 
is specific to the pair of structures con- 
cerned, is limited to unity, and may be 
either positive or negative. (Actually 
it should represent a function expressed 
by a curve showing the relationship 
of the two variables.) The “output” 
quantity of the structure (for example, 
to 2a in Fig. 9) can be neglected in this 
problem, since our objective is to find 
the amount of energy which is available 
in the main structure at a given (pres- 
ent) time, either for self-maintenance 
of the structure or for being passed on 
to adjacent structures. Hence the total 
amount of energies of a structure, so 
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defined, at any given time, is a function 
of (a) its proper or'“structurance” en- 
ergies, which represent a sort of mean 
of its operation through time, or, if one 
prefers, a “homeostatic level,” and (b) 
the sum of the interstructurance incre- 
ments (or decrements) that are being 
received from its manifold. It is be- 
lieved that these increments or decre- 
ments are given by the structurance 
energies of the manifold structures con- 
cerned, the latter, however, being first 
weighted, respectively, by their indices 
of interstructurance with the main 
structure. In the symbolism of the 
diagram (Fig. 9) this total amount of 
energies corresponds to the total num- 
ber of dots in all the event regions of 
structure 1 (remembering that these 
have been augmented, or detracted 
from, through interstructurance with 
manifold structure 2 at J Js 

The generalized equation that has 
been derived in this manner from the 
postulates, kinematic concepts, and defi- 


nitions of the theory is stated as fol- 
lows: 


Bi=f (SiH Sant Sal + FSnIni), 


where the subscripts indicate different 
structures (1 being the main structure 
under consideration), Æ; is the total en- 
ergy of the main structure, § is the 
“proper” energy or structurance value 
of a structure, and J is the index of in- 
terstructurance of a (manifold) struc- 
ture to the main structure as shown by 
the subscripts and arrows. Structures 
2 to n represent all the structures of 
the manifold; and the summation is, 
of course, algebraic. This equation is 

own as the structural-energics (or 
structural-dynamics) formula. In using 
the formula, manifold structures con- 
sidered on logical grounds to be very 
low in S or in I are usually omitted 
as having no appreciable value in the 
summation. Should the value of the 
equation turn out to be negative, E, 
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would not represent “negative” energies 
occurring in structure 1, but presum- 
ably (positive) energies that were being 
expended in a structure or structures 
antistructurant to 1. The manifold of 
structures (shown to the right of Sı in 
the equation) can be broken down into 
various classes or types, and the con- 
tributions of these types, separately, to 
the dependent variable, Z,, can be de- 
termined. For example, in predicting 
the intensity with which an attitude is 
held by an individual (energics of an 
attitude structure), as Æ, three types 
of manifold structures have been used, 
viz., personality-trend structures of the 
subject, small “face-to-face” collective 
structures into which his own behavior 
is structured, and his larger organiz 
or institutional, structures. The tota 
summation, as provided by the equa- 
tion, is hypothesized as giving a fairly 
accurate prediction of strength for the 
attitude concerned.? 

The testing of adapted forms of the 
equation has thus far been carried On 
by simple correlation procedures involv- 
ing E, and the manifold summation 
only. Methods of measurement for 
and J, and sometimes for E, have been 
limited to subjective scaling, but a 
carefully prepared forms. The actua! 
“energies” implied in Æ and S have 
thus far had to be inferred from the 
reactions on response forms or in an 
experimental situation. The equation 
has been tested (or tested in part) i" 
nine independent investigations, largely 
at the structural orders of personality 
and social psychology, and representing 
cases from the fields of propaganda, i 
titudes, personality characteristics, J0 
adjustments in industry, insight, learn- 


ē Since the attitude represents a “meaning 
structure” within the individual, it is assume! 
that the two types of collective structures 10- 
terstructurant with the attitude cycle are also 
represented at the intraorganismic level (i.e. 
as meaning cycles). 
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ing, and custom behaviors of American 
males. In all but one of these investi- 
gations (an early one in which it now 
seems that the hypothesis was not ade- 
quately stated) significant correlations, 
ranging approximately from .20 to .80, 
were obtained. Worthy of note here are 
the variety of structures whose total en- 
ergies were to be determined, the con- 
siderable number of independent raters 
often employed for determining the dif- 
ferent variables, the very large number 
of manifold structures whose increments 
entered into the summation for each 
subject in most of the experiments, and 
the fact that these interstructurance in- 
crements were either positive or nega- 
tive and hence involved subtraction as 
well as addition of energies in comput- 
ing the predicted Æ. The consistent 
experimental support given the hypothe- 
Sis in the face of these complex condi- 
tions seems surprising and would tend 
to suggest that, although it was devel- 
Oped in a highly general frame of ref- 
erence, or perhaps because it was so de- 
veloped, the theory does accommodate 
Itself to the quantitative facts of hu- 
man behavior.* 


* It is hoped that published reports of these 
Studies, presenting the detailed findings and 
showing the methods of collecting structural 
tnlormation and rendering E, S, and J opera- 
one will soon be forthcoming. The writer 
a hopes that further investigations of the 

'YyPothesis will be undertaken by others. 
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V. SUMMARY 


The adequacy of quantitative laws 
and the common practice of thinking in 
terms of linear cause and effect, as 
methods of dealing with the universal 
problem of structure, are questioned. 
The need of approaching the study of 
structure in its own right, and by inde- 
pendent and (at the start) nonquantita- 
tive concepts, is stressed; and a general 
conceptual model of the structuring of 
ongoings and events is presented and 
illustrated in the field of behavior. The 
combined headings of structural kine- 
matics or geometry (nonquantitative) 
and structural energics (quantitative) 
are here found useful. An equation for 
the latter is developed, and experimen- 
tal findings thus far obtained in its 
testing in the field of psychological phe- 
nomena are briefly discussed. 
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THE VISUAL PERCEPTION OF OBJECTIVE MOTION 
AND SUBJECTIVE MOVEMENT? 


JAMES J. GIBSON 


Cornell University 


The perception of motion in the 
visual field, when recognized as a psy- 
chological problem instead of some- 
thing self-evident, is often taken to pre- 
sent the same kind of problem as the 
perception of color or of form. Move- 
ment is thought to be simply one of the 
characteristics of an object, and the 
only question is “how do we see it?” 
Actually, the problem cuts across many 
of the unanswered questions of psychol- 
ogy, including those concerned with 
behavior. It involves at least three 
separable, but closely related problems: 
How do we see the motion of an ob- 
ject? How do we see the stability of 
the environment? How do we perceive 


ourselves as Moving in a stable environ- 
ment? 


Morton, STABILITY, AND Movement 


The first problem concerns the visual 
perception of a moving object. It seems 
fairly simple as long as one considers a 
motionless eye. The stimulus condition 
for a moving object is the moving sheaf 
of light rays reflected from it. The 
retinal image accordingly moves relative 
to the retina and telative to the back- 
ground image of the environment. The 
stimulus for visual movement is retinal 

‘This research was Supported in part by 
the United States Air Force under Contract 
No. AF33 (038)-22373, monitored by the 
Perceptual and Motor Skills Research Labo- 


Human Resources Research Center. 
Permission is granted for 


and contributions 
from Donald M. Purdy. It also includes 


rom collaboration 


movement. This definition is adequate, 
however, only for a fixated eye. It fails 
when we consider that the eye normally 
follows a moving object with a rotary 
pursuit movement that keeps the image 
of the object fairly precisely on the 
fovea. The background image then 
moves across the retina, but the object 
image does not. In this case the stimu- 
lus for the impression of motion is not 
so easy to define. A response is going 
on, and stimulation mediated by this 
Tesponse may enter into the Saree 
One might assume that movement 2 
the object image relative to the back- 
ground image but not the retina was 
the effective stimulus. Perhaps the ob- 
server senses the motion of the back- 
ground and perceives the relative mo- 
tion of the object. Or one might just 
as well assume that movement of the 
eye itself relative to the head or rela- 
tive to the background image but not 
the object image was the effective stimu- 
lus. Perhaps the observer senses the 
movement of the eye and thereby per- 
ceives the motion of the object. The 
alternatives are highly debatable, a 
for either one a difficult theoretica 
question arises: Why do we perceive 4 
motion of the object in the environment 
instead of a motion of the environment? 
This leads to the second problem. 

The second problem concerns the 
visual perception of a stable environ- 
ment. Why does the world appear mo- 
tionless, and what are the stimulus cane 
ditions for this perception? It is just 
as much a problem, if less obvious, aS 
the first. Superficially considered, it ap- 
Pears simple for the case of the fixated 
eye: a motionless image yields a mo- 
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tionless percept. It becomes difficult, 
however, for the case of the moving eye. 
Why does the phenomenal world not 
move during an eye movement? The 
eyes perform saccadic or exploratory 
movements without ceasing during wak- 
ing life; they perform compensatory 
movements whenever the head moves; 
and they perform pursuit movements 
whenever a moving object catches the 
attention of the observer. Since the 
Image of the environment moves across 
the retina during all these responses, 
the world should seem to move. It may 
be noted that with certain unusual types 
of eye movement an observer will re- 
Port that the world does seem to move; 
examples are the after-nystagmus caused 
by bodily rotation (or other causes) 
and the artificial movement of the eye 
Caused by pushing it with one’s finger 
(11). During normal eye movements, 
however, the world does of seem to 
Move, and this poses a question. 
f There are still other reasons for re- 
Jecting the simple hypothesis that a mo- 
tionless image yields a motionless per- 
cept. They appear when we consider 
what happens when the observer moves. 
The third problem concerns the visual 
Perception of locomotion in a stable en- 
vironment. We perceive not only the 
motions of objects but the movements 
of ourselves; the performance of field- 
ing a baseball illustrates both. In the 
case of active locomotion, such as run- 
ning, there is, of course, a large com- 
Ponent of kinesthetic stimulation from 
the Proprioceptors that accompanies the 
Purely visual stimulation from the reti- 
nas. But in the case of passive or in- 
voluntary locomotion, such as riding in 
trains, automobiles, and planes, the kin- 
esthetic component may almost wholly 
drop out. The visual component of 
Stimulation results from the fact of mo- 
tion parallax, and consists of differential 
motions of different parts of the image. 


The writer and collaborators have re- 
cently given a mathematical descrip- 
tion of this kind of stimulation for the 
general case of what is called motion 
perspective (8). The fact that it has 
to do with the perception of space has 
long been recognized, but the fact that 
it also has to do with the perception of 
locomotion is less well understood and 
deserves emphasis. The visual field 
during forward locomotion seems to ex- 
pand radially from a point of focus on 
the line of locomotion. The optical 
geometry of this expansion is perfectly 
definite. The retinal image undergoes 
a deformation that can be neatly speci- 
fied in terms of differential angular 
velocities. This retinal motion reaches 
high magnitudes during rapid travel, 
and there is reason to believe that it is 
the important factor in the perform- 
ance of landing an aircraft. The ap- 
parent expansion of the visual field has 
been noticed by nearly everybody in 
driving an automobile. The question 
that arises is why the visual world does 
not seem to expand but instead seems 
to appear rigid, with the observer mov- 
ing instead. The flier is never con- 
fused by the impression that his run- 
way is behaving like stretched rubber. 

It is worth noting that there are spe- 
cial cases of visual stimulation in which 
it does become equivocal whether the 
visual scene is moving or whether the 
observer himself is moving. If one sits 
looking through the window of a sta- 
tionary railway train at another train 
on the adjacent track, and if one of the 
trains begins to move slowly, the im- 
pression of moving self with stationary 
scene may give way to that of station- 
ary self with moving scene, or vice 
versa. 

The three problems of the moving ob- 
ject, the stationary environment, and 
the moving observer are evidently in- 
terrelated. Objective motion is con- 
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nected with subjective movement,” since 
both stimulate the retina. The motion 
of an object, the movement of the eye, 
and the movement of the observer him- 
self may alter the retinal image in dif- 
ferent ways, but they all alter it. They 
are all inseparable from the problem of 
how or why we see the environment as 
stationary both when its image is al- 
tered. and when it is stationary on the 
retina. One thing is clear at least: the 
kinetic experience in general involves 
the problems of so-called space percep- 
tion. 


EXPERIMENTAL EVIDENCE ON THE PER- 
CEPTION OF MOTION AND MOVEMENT 


A survey of the established facts 
about the three problems may clarify 
them and even point to solutions. The 
experiments are not numerous, some of 
them are unfamiliar, and they have 
seldom been considered together. 


Motion of an Object 


Apparatus employed. Experimental 
studies of visual perception necessarily 
depend on devices for systematically 


2In this paper, for lack of a better termi- 
nology, the word motion will always be used 
to refer to change in position of an object, 
and the word movement will always refer to 
change in position of the observer’s body in 
whole or Part, that is, a response. Both may 
be visually Perceived. The Tesponses with 
which we are concerned are chiefly eye move- 
ments and locomotor movements. Movements 
of the limbs and hands are also important 
since they constitute a large part of behavior 
(gestures, manipulation, tool-using), and most 
of these are also visually Perceived. In them, 
however, the kinesthetic Component, the mus- 
cle Sense, is obviously important, and the 
visual component cannot be isolated for analy- 
sis as it can for locomotion, They are prac- 
tically never Passive or involuntary, as loco- 
motion can be, They will not be considered 
here. ess the writer believes that 
the visual feedback is just as important for 
motor performance as the bodily feedback, 
and that “visual kinesthesic” should be recog- 
nized along with classical kinesthesis, 
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presenting light to the eyes of the ob- 
server, that is, methods of systemati- 
cally varying his retinal images. In the 
case of motion, not many such devices 
have been successfully built. The types 
of apparatus for inducing controlled im- 
pressions of objective motion are ee 
proximately as follows: (a) the strobo- 
scope and the variants of this device, 
used to study apparent motion; (ġ) the 
moving belt viewed through a beer 
or aperture, used to study so-calle 

“real” motion, or to induce the pes 
fall illusion; (c) the rotating disk wit 

a spiral, used to induce the eae 
of an expanding or contracting objec 

and the negative afterimage of this te 
pression; (d) the device of casting oe 
shadow of a physically moving or one 
ing object on a translucent screen, t ° 
deforming shadow inducing the impres 
sion of a three-dimensional object 1m 
motion; (e) the device of rotating i 
disk with spiral lines behind a ape 

screen, inducing the impression of iy 
jects moving along the slot. Practically 
all that is established about the percep- 
tion of motion comes from one or an- 
other of these experimental methods. 
However, a novel device for presenting 
multiple complex motions on a trans- 
lucent screen has recently been kr 
scribed by Johansson (12). One mig) i 
suppose that the animated motion pe 
ture would have been used for Ae 
trolled experimentation by psycho ` 
gists, but it has scarcely been tried ( ! 
ch. 2). There have also been a pe 
ber of setups with luminous spots 10 ‘ 
darkroom, one or more of which af 
put into relative motion. This lat $ 
experiment, like the autokinetic illusio 
is relevant to the problem of the a 
bility of the environment as much as Í 

is to the motion of an object. de 

Stroboscopic motion. The only larg 

body of evidence based on these devices 
comes from the stroboscope. It 18 Sa 
to yield “apparent” motion as distin 
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guished from “real” motion, and the 
stroboscopic effect is often loosely re- 
ferred to as the phi phenomenon. The 
stroboscope has evoked much research, 
probably because it demonstrates that 
a physically moving object is not neces- 
sary for an experience of motion, and 
because this seeming paradox has 
prompted psychologists to formulate 
controversial theories in order to ex- 
plain it. 

The important fact about stroboscopic 
motion, for present purposes, is that the 
stimulus is intermittent but that when 
certain relations hold, the perception of 
motion is the same as if the stimulus 
were not intermittent. As Troland as- 
serted, “a perfect motion impression 
can be aroused without any actual mo- 
tion of an object by the discontinuous 
Substitution of one object for another 
at progressively different points in 
Space” (18, p. 381). This situation 
has frequently been reduced for experi- 
mental convenience to the case of two 
Successive light sources at two sepa- 
rated points in space, and this experi- 
ee has resulted in an elaborate Greek- 
si er phenomenology of motion impres- 
fons (alpha, beta, gamma, delta, and 
Phi). The results of this experiment 
have been reviewed elsewhere (for ex- 
ample, 1, ch. 15) and will not be dis- 
Cussed here. The fact is that when an 
adjacent order and a successive order 
X discrete stimuli are correlated, a con- 
panos impression of an object in mo- 
ER results. The main limitation seems 
© be that the interval between stimuli 
ee not be too disproportionate to the 

Paration between them. Hence strobo- 
Scopic stimulation differs from so-called 
ae stimulation only in being discon- 
Taio when the latter is continuous. 

relations of order are the same in 
both. 

Motion of a patterned surface. The 
Speed and direction of linear motion are 
Perceived with some accuracy when a 


moving belt is presented to the eye. 
The same thing is true for the rotary 
motion of the surface of a disk. For 
both, there are lower thresholds for 
velocity and also upper thresholds for 
velocity when motion turns into blur. 
Acuity for motion is high at the pe- 
riphery of the retina considering how 
weak it is for color and form. There 
occurs a negative afterimage of ve- 
locity in a stationary visual field in that 
part of it which has previously been 
stimulated by a moving belt or disk. 
The afterimage may be linear or rotary 
or it may be one of expansion or con- 
traction if the rotating disk bore a 
spiral that contracted or expanded (Pla- 
teau’s spiral). The perceived velocity 
of a moving surface tends to be con- 
stant at different distances from the eye 
although the retinal velocity of its image 
is inversely proportional to distance. 
Brown, however, discovered some other 
puzzling facts about such apparent ve- 
locities connected with the size of the 
frame or aperture behind which the belt 
moved and with the brightness of the 
surface (2). Another fact, which is in- 
teresting for the problem of the connec- 
tion between retinal motion and eye 
movement, is that perceived velocity is 
reported to be somewhat faster when 
the eyes are fixated on the aperture than 
when they follow the moving pattern 
from one side to the other and back 
again. This has been called the Aubert- 
Fleisch] paradox (2). 

Deformation of shadows and the per- 
ception of depth, Linear and rotary 
motions presented to the eye by belts 
or disks occur in the frontal plane of 
the observer and are so perceived. So 
does the apparent expansion of a Pla- 
teau spiral, and this is also perceived as 
flat except for an occasional report that 
the afterimage suggests motion in depth. 
But the shadow of a rotating object ob- 
served from the other side of a trans- 
lucent screen, although seen in one 
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sense as moving in the frontal plane, is 
often seen in another sense as MOVIE 
in depth. There may be a compelling 
impression of rigid rotation as well as 
an impression of deformation. This ef- 
fect has been called stereokinetic, and 
Wallach has recently named it the 
kinetic depth effect (19). Metzger had 
previously studied the phenomenon and 
its interpretation (15). The impression 
of rotation in depth is reversible, and 
the observation of this feature of it 
goes back to “Sinsteden’s windmill” (1, 
p- 270). 

Controllable complex movements. 
There have been a few experiments 
on multiple motions in the visual field, 
that is, of meaningless spots or shadows 
moving in systematically varied ways. 
Michotte, who used the method of a 
pair of rotated spirals visible through a 
horizontal slot in a screen, was inter- 
ested in the perception of causality 
(16). Metzger, who Projected on a 
translucent screen the shadows of verti- 
cal rods rotating on a horizontal turn- 
table, was interested in the problem of 
the visual identity of the interpenetrat- 
ing shadows ( 14). Johansson devised 
a method of superimposed slide projec- 
tion in which each spot on the screen 
depends on a different slide and each 
slide can be given a controlled linear or 
circular motion. He was concerned with 
the perception of the events which his 
moving spots induced (12). Johansson 
also describes the other important ex- 
periments of this type. Heider and 
Simmel, using animated motion picture 
film, explored the possibilities of the 
social meanings which moving triangles 
and circles might evoke (10). 


The Stable Environment 

In contrast with the 
ments in which the background of the 
motion, or the frame of the window in 


which it appears, is always visible stands 
a class of experime 


foregoing experi- 


nts utilizing Points 


of light in a completely dark room. 
The case of a single fixated point has 
been studied for a long time. Although 
the image remains essentially motionless 
on the retina of the observer and the 
spot may appear at first to be static, it 
eventually shows an “autokinetic mo- 
tion. It appears to wander in an erratic 
fashion, and the observer himself may 
become disoriented. The illusion disap- 
pears if the surfaces of the room become 
even slightly visible. The facts are sum- 
marized by Carr (3, pp. 314 ff.). a 
dently the stimulation of a single retina 
point is not sufficient to yield the oe 
pression of a stable environment. San 
strom has recently emphasized that an 
observer cannot even point with ie 
finger to a single spot of light in a dar! 
room (17). Facts of this sort tioN 
great doubt on any kind of theory 0 
the “local signs” of retinal points. 

When two points of light are pre- 
sented in the dark, their separation is 
sensed and they appear connected. ‘They 
may appear to wander as an autokinetic 
unit, but one never appears to an 
relative to the other, It might be sal 
that each has stability relative to the 
other. ; 

If one of the two point sources in the 
darkroom is made to move slowly, pe 
conditions are present for what Duncke 
has called “induced movement” (4). 
The observer reports motion, but it bs 
as likely to be carried by the physical y 
motionless source as by the moving 
source. A frequent outcome is a pie 
nomenal motion of both spots, ae 
carrying half of the total velocity. T . 
relative motion of the first to the oa 
or the second to the first (or each. x 
the other) is perceptible, but the ‘er 
with reference to the room is not. T 1 
room, after all, is invisible and the back 
ground of the spots is darkness. 

An example of induced motion taken 
from common experience is the appear- 
ance of the moon seen through drifting 
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clouds. In this case the clouds provide 
an extended background for the moon, 
not just another spot of light, and the 
impression of the moon’s motion is un- 
equivocal. Duncker set up a similar 
Situation and studied the apparent mo- 
tion of a stationary spot of light pro- 
Jected on a rectangular surface that 
Moved in pendular fashion from side to 
side. The relative motion of the spot 
within the frame was indistinguishable 
from “real” motion; it could be can- 
celled by setting up an opposite pendu- 
lar motion of the spot itself (4). 

’ Duncker also noted the occurrence of 
induced movement of the observer kim- 
self, both in the darkroom situation and, 
under special conditions, with illumina- 
tion. This was, of course, a movement 
without kinesthesis, produced wholly by 
visual stimulation. Insofar as an ob- 
server perceives himself in visual space, 
his own movement, like that of visual 
objects, depends on the phenomenal 
frame of reference. The question is, 
what establishes this frame of reference 
or stable visual environment? 


Movement of the Observer, Including 
Locomotion 


ae simple method of inducing by visual 
mulation one kind of apparent move- 
Ment of the observer’s body has long 
e a gies It consists of surrounding 
a ead of a stationary observer with 
_ cylindrical screen or curtain, filling 
ee: visual field, which can then be 
bo ed around the head. The observer 
in Fy a perception of being rotated 
of Dr opposite direction—an instance 
h uncker’s “induced ego-movement.” 
d i Impression may be as vivid as that 
K ained from being actually rotated in 
A chair, and the only difference 
fire €en the case of rotating the minia- 
tatin visual room and the case of ro- 
" ee the observer may be the absence 
and estibular stimulation in the former 
its presence in the latter. The 


phenomenon is similar in principle to 
the “railroad train” illusion described 
earlier. 

The analysis of motion perspective 
for a large portion of the visual field, 
also mentioned earlier (8), suggests 
that the impression of forward move- 
ment of the observer can be produced 
optically without any contribution from 
the vestibular or the muscle sense. This 
experiment, however, has not been per- 
formed. The closest approximation to 
it is an informal study based on a mo- 
tion picture of the landing field ahead 
of an airplane during a glide (5, p. 
230). Observers reported an experience 
of locomotion along a glide path to- 
ward a visible spot on the ground. This 
perception was clearly, however, an “as 
if” kind of experience, pictorial rather 
than natural. The motion picture in- 
tercepted only a part of the field of 
view. It is said that the panoramic mo- 
tion picture (especially the “Cinerama”) 
induces even more compelling experi- 
ences of locomotion, such as a ride in a 
rollercoaster. 

There has been little or no research 
on the contribution of kinesthetic, tac- 
tual, and vestibular sensitivity to the 
experience of passive locomotion. Their 
contribution to the sense of passive ro- 
tation of the body has been studied, 
and something is known about their 
contribution to the maintaining of up- 
right posture. How kinesthesis is con- 
nected with the visually aroused im- 
pression of locomotion is not known. 
The flier and the automobile driver 
have muscular kinesthesis for the con- 
trols of the vehicle but not for the pro- 
pulsion of the body, as in walking or 
running. 

The experience of active locomotion 
—of voluntary or guided movement by 
the observer—is of course a still more 
complex psychological problem, which 
will not be touched on in this report. 
Most of the experimental evidence about 
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voluntary action comes from studies of 
pursuit tasks, reaction time, and the 
like, which might be said to deal with 
manipulation rather than locomotion. 
A theory of movement with respect to 
a goal or destination is obviously of 
great importance, but we are here con- 
cerned with the cues or stimuli for 
movement as such. This may be justi- 
fied on the grounds that the flow of ac- 
tions, choices, or decisions during, for 
instance, an aircraft landing cannot be 
understood unless the flow of informa- 
tion is understood. 


IMPLICATIONS OF THE EVIDENCE 


There is plenty of evidence to indi- 
cate that visual motion is a “sensory” 
variable of experience. It has a kind of 
intensity (speed) and a kind of quality 
(direction). It has absolute thresholds, 
both lower and upper, like pitch. Acu- 
ity depends on the Part of the retina 
stimulated, like form. It has a negative 
afterimage, like hue. It tends to mani- 
fest constancy, like size and shape. In 
the form of “pure phi” it can be ab- 
stracted from an object. But more than 
any sensory impression, it fails to cor- 
respond to the physical stimulus pre- 
sumed for it. Whatever the stimulus 
for motion might be, it is not simply 
motion in the retinal image. This seems 
to imply that motion is not sensory. 
Before concluding, however, that phe- 
nomenal motion is not a function of 
stimulation, the stimulus conditions 
should be re-examined, 

The distinction between “real” and 
“apparent” motion js unfortunate and 
has interfered with the search for the 
essential conditions. It should be noted 
that Stroboscopic stimulation can yield 
just as Psychologically “real” a motion 
as does continuous stimulation, if cer- 
tain relations are Preserved. A strobo- 
scope and a Moving object are mani- 
festly different, but they are the sources 
of stimulation, not the stimuli, and per- 


haps the latter are not so different after 
all. The facts of the experiments can 
be explained by the hypothesis that the 
retina responds to adjacent and succes- 
sive order. If the orders correlate for 
the stroboscope and the object, the fact 
that the former is a discontinuous emiti 
ter may be unimportant. The two 
retinal images are similar in that the 
relations of order are the same in both; 
for example, right-left and before-after. 
The stimulus for motion, then, may be 
ordinal. 

There is other evidence to suggest 
that the stimulus for motion is also re- 
lational. This means that it cannot be 
derived from the hypothetical “loca 
signs” of retinal receptors. The E 
does not have a fixed value for bee 
and height when stimulated by a smg : 
point of light. Moreover, as Danita 
proved, the motion of one point of lig s 
on the retina is perceived relative to a 
other point of light, not relative to the 
retina. The frame of reference for MO- 
tion (or stability) seems to depend on 
the array of stimulation rather than the 
location of the receptors; it is trans- 
posable over the retina. Just as a peice 
tion for the physicist can be specifie 
only in relation to a chosen coordi 
system, so is a phenomenal motion 1a 
tive to a phenomenal framework (1 : 
Perceived motion occurs in a percep- 
tually stable space or environment. e 
other way of saying this is to ate 
that the perception of stability is pa 
and parcel of the perception of mor 
you cannot have the latter without t 
former. 4 

The optical stimulus conditions for 
stable environment seem to be a ame 
image containing many elements rather 
than a few or one. This can be de- 
scribed as a differentiated or “texture : 
image (7, 9). Perhaps stability ee 
with the Perception of a surface or ae 
array of surfaces extending over mor 
of the field of view. The disappearanc 
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of the autokinetic illusion when the 
darkroom is even slightly illuminated is 
Consistent with this hypothesis. So is 
the occurrence of the moon-in-the-clouds 
illusion. So also is the railroad train 
illusion when we take the window-filling 
train on the next track to be motion- 
less, Perhaps the textural background 
image, whatever its relation to the 
anatomical retina, always tends to de- 
termine the phenomenal environment, 
and the more it approximates the total 

mage the greater the stability 
E oman experience suggests that va 
a (sd the motion of an object in 
pth as readily as its motion at right 
ngles to the line of sight, and the ex- 
aaa with deforming shadows on a 
aia ucent screen tend to bear out this 
S ie The kinetic depth effects 
i ar obtained depend on perspective 
ansformations of the shadows, and 
ee impressions of changing slant or 
Bho oe There is no reason why they 
Wut not also be obtained with size 
ia ormations of shadows, which will 
<< of linear approach and 
gested b A general hypothesis is sug- 
A y these experiments, namely, 
bi Wine regular transformation of a 
tridin nsional image tends to yield a 
he x ensional motion in perception, and 
oe he We motion perceived depends 
Tain kind of transformation. This 
ing ie has the advantage of relat- 
to ex experiments on moving shadows 
sike eo on shape constancy and 
ile nstancy, and suggests a principle 
Boe perception that may be com- 
Vela o both. The fact that the trans- 
ee of a pair of belts ob- 
iudgea at different distances can be 
aes equal in velocity when the sur- 
are actually equal in velocity (if 


3 Th; 

HORS hypothesis is consistent with, if not 
aie the same as, the position taken by 

me his admirable study of “induced” 
vement (4). 


Brown’s results [2] are accepted) 
points in the same direction. 

Facts about the perception of bodily 
movement as distinguished from object 
motion are scarce. They are enough to 
suggest, however, that the impression of 
oneself being moved, like that of an ob- 
ject being moved, depends on the per- 
ception of the space in which the move- 
ment occurs. Ego movement like ob- 
ject movement can be induced. The 
train illusion and the cylinder rotating 
around the head are examples. The 
perception of forward locomotion can 
probably be induced, and the experi- 
ment should be tried. This will re- 
quire optical stimulation governed by 
differential angular velocities for many 
points in the visual field, i.e., motion 
perspective or, crudely speaking, an ex- 
panding image. 

A promising hypothesis for research 
would be that any transformation of 
the total retinal image, as distinguished 
from a part image within it, tends to 
yield an experience of a movement of 
the observer, and the kind of movement 
experienced depends on the kind of 
transformation. For example, a simple 
translation of the image may contribute 
to the experience of an eye movement; 
an expansion may contribute to the ex- 
perience of forward locomotion; a con- 
traction to the experience of backward 
locomotion; and so forth. 

There is said to be a striking lack of 
correspondence between the presumable 
optical stimuli and the ensuing visual 
perceptions of motion or movement. 
The evidence does indeed show what 
appear to be obvious discrepancies. It 
is certainly true that kinetic impres- 
sions are not copies of their stimuli. 
But it fails to follow that they are not 
functions of their stimuli. It cannot 
simply be assumed that a movement is 
the same thing in the object, the retina, 
the brain, and consciousness. The fore- 
going hypotheses make it possible to 
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test for psychophysical correlations, al- 
though they do not imply any Pictorial 
correspondence, between the dimensions 
of the stimulus and the qualities of 
kinetic experience. 


HYPOTHESES ABOUT KINETIC 
RETINAL STIMULATION 


A psychophysics of kinetic impres- 
sions would require a mathematical 
analysis and classification of the mo- 
tions or transformations of a retinal 
image. This is a complex and difficult 
task for the future. Some preliminary 
assumptions are possible, however. 

Geometrically, one can distinguish be- 
tween a rigid and a nonrigid motion of 
a form or of a set of points. Transla- 
tion and rotation are the types of rigid 
motion with which we are concerned. 
The figure after displacement is con- 
gruent or identical with the figure be- 
fore displacement. The kinds of non- 
rigid motion are diverse and are still 
being explored by the higher branches 
of geometry. However, two classes 
exist, which may be called elastic mo- 
tion and discontinuous or disjunctive 
motion. In the former, the lines of the 
geometrical form do not “break up” (or 
the set of points maintains the relations 
of neighborhood), whereas in the latter 
the form is ruptu 


“scattered”), The class of elastic mo- 
tions includes 


tive transfor 
first type ca 
of the form 
ferent from 


as a deformation other than these, but 
tinuity of the form is 
The class of disjunctive mo- 
es many types, which do not 
specified here, but all in- 
tinuity. The six types with 


preserved, 

tions includ 
need to be 
volve discon 
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which we are concerned are tabulated 
below: 


Rigid motion 
1. Translation 
2. Rotation 


Elastic motion 
3. Size transformation : 
4. Perspective transformation 
5. Deformation 


Disjunctive motion 
6. Multiple movements 


These abstract mathematical ie 
are interestingly related to optica 
stimulation. Let us assume an eye i 
a reflecting surface, such as the face eg 
an object toward the eye, and let af 
consider the cross-section of the per 
of light rays to the nodal point of ia 
eye (18, pp. 326 f.). This is equiva- 
lent to the retinal image. What tr ns 
mensional events produce these motio ? 
of the bidimensional cross-section! 
Numbers 1 and 2 above correspond z 
spectively to a lateral movement of t A 
eye (or the object) and a swivel moa 
ment of the eye (or a rotation of t A 
object). Number 3 corresponds ee 
movement of the eye (or object) 4 oe: 
the line between them. Number 4 © o 
responds to a planetary movement i 
the eye around the object or an ene 
tion of the object to the line hottes 
them. Number 5 corresponds n, or 
event confined to the object—a flui ily 
elastic motion of its substance. Fina an 
number 6 probably corresponds tO Je 
event such as the shattering of a ane 
object or the interaction of multiple A 
jects. Some of these statements E a 
qualification in order to be exact, A 
they may serve as preliminary ang 
rules. In other words, some very “ae 
portant types of physical events ne 
spond to the geometrical types of ! ae 
tion in the projection. It is a see a 
able hypothesis that the eye can regis 


+ 


EP 


| 
b, 
Ma 
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these geometrical types of motion when 

they occur in the retinal image. 
It may have been noted that the 
physical events corresponding to mo- 
tions number 1, 2, 3, and perhaps 4 are 
ambiguous. Whether the eye moves or 
the object moves, the result is the same. 
The optical situation assumed in the 
previous paragraph consisted of an eye 
and a single object (specifically a plane 
face of an object). A more typical 
Optical situation would consist of an 
a and an environment. Let us there- 
ore assume instead an eye and an infi- 
nite plane surface. This is a better ap- 
proximation to the terrestrial environ- 
wae Except for the “sky,” the image 
Hk e surface occupies the whole of the 
ina, and it constitutes a textured 
ackground image rather than a de- 
ri object image. An infinite plane 
ni yg would be physically stable and 
fete Constitute an excellent frame of 
is mtd for visual perception. There 
ba idence to suggest that a background 
ha does help to determine the stable 
hing environment. Ambiguity of 
ae the ion as to whether the eye moves 
tion environment moves in this situa- 
T would therefore tend to disappear.‘ 
ing r types of physical events produc- 
A ae geometrical types of motion of 
Eisen: i background image are fairly 
is a Translation and rotation of 
anything can hardly be caused by 
p en but eye movements. Size and 
Ments oe transformations for the ele- 
stitute a an extended plane surface con- 
can h motion perspective (8) and this 
ee be caused by anything but 
cae with respect to the surface. 
ment nly it is true that any eye move- 
in an illuminated environment 


4 
DS E our disembodied eye we add assump- 
kinestheti = gravity, posture, muscles, and 
certain]: ic stimulation, the ambiguity would 
cerned Y disappear. But we are here con- 
tediy a 0tly with optical stimulation, admit- 
an abstraction. 
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causes a rigid movement of the image, 
and any transportation of the eye 
causes an elastic movement of the 
image.® 

The causes in the environment and 
the results in perception of deforma- 
tions and disjunctive motions of the 
image (numbers 5 and 6 above) are 
complicated. So far, we have been as- 
suming a solid environment. Nonper- 
spective deformations are caused by 
liquid or fluid motions of physical ob- 
jects and surfaces. Rivers flow, smoke 
swirls, rubber stretches, and above all 
living organisms flex their surfaces in 
many ways. The faces of men, for in- 
stance, undergo an astonishing variety 
of rubbery motions, which we call facial 
expressions. We perceive these motions, 
sometimes with great acuity. We do 
not seem to confuse them with the me- 
chanical motions of solid objects which 
tilt, slant, advance, or recede with a 
kind of inanimate quality. There may 
be a basis in optical stimulation for this 
difference. 

Disjunctive motions of the image are 
caused by a still greater variety of 
events. Objects break, ants swarm, 
billiard balls collide, and men shake 
hands. Michotte believes that multiple 
motions can yield immediate impres- 
sions of causation that are specific to 
the relations between them, and he has 
fortified his belief by experiments (16). 
The possibility of isolating high-order 
variables of stimulation in such images 
seems remote, but it should not be re- 
jected. 

In conclusion, the various motions of 
objects in a stable environment and the 
various movements of ourselves in that 
environment can both be visually per- 
ceived. A psychophysics of such kinetic 
impressions, however, is almost nonex- 


5 The classification of the motions of a 
retinal image here given is considerably re- 
vised from that proposed previously by the 
writer (6, p. 131 ff.). 
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istent, and the possibility of isolating 
their stimuli has been doubted. If, 
however, the effective stimulation is 
taken to be ordinal and relational, it 
falls into several mathematical classes, 
which are neatly correlated with types 
of physical events, and which may prove 
to be psychophysically correlated with 
modes of kinetic experience. 
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VARIABLES AND FUNCTIONS* 
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r Psychologists use such mathematical 
rms as variable, independent and de- 
pendent variable, and function, as well 
as the mathematical symbolism for rep- 
enting functional relationships. But 
aT often fail to specify whether or not 

ese terms and symbols have the same 
p angs as in mathematics, and there- 
oe ‘Seems to us, pave the path for 
hi n. There follows an attempt to 
Aa ight some of the differences be- 
ween mathematiciąns’ and psycholo- 
gists’ uses of these terms and symbols. 


Wuat Is A VARIABLE? 


A Mathematical texts generally define a 
ariable as a symbol that may represent 
an objects during the course of a 
ith discussion. The set of objects 
fied „Which the variable may be identi- 
RR called the variable’s range or do- 
set of a example, if T represents the 
ratio integers, and if the domain of 
eide of X is T, then X may be 
inte, ered to represent any arbitrary 
hones The number of objects in the 
age of a variable may be limited 
Fo e set of all numbers from 1 to 

r unlimited (e.g., all even inte- 
a _ Mathematicians have found it 
symb E to include a constant, a 
a a restricted to represent one ob- 
i uring the course of a particular 
able TAN as a special case of a vari- 
able y thinking of a constant as a vari- 
of whose domain of variation consists 

only one element. 
BS a texts do not usually state 
varia Sa y what they mean by the term 
e. One recent report, which does 
one a condensation of a chapter to ap- 
tional Bs aed book dealing with a varia- 
ch to psychology. 


offer a definition, effectively eliminates 
the possibility of considering a constant 
as a special case of a variable. The re- 
port requires of a variable that it vary, 
that it assume at least two values, and 
accordingly defines a variable as “a set 
of two or more categories such that, if 
any object or event be a member of one 
of those categories, it may not be a 
member of any other of those cate- 
gories” (1, p. 46). Psychologists gen- 
erally have not indicated whether they 
would consider a constant as a case of 
a variable, But some have done so im- 
plicitly; for example, in speaking of 
“the stimulus variable,” they intend ref- 
erence to only one object, say, a lever. 

There is some difference of opinion 
among psychologists as) to the major 
kinds of variables. Some psychologists 
recognize two kinds of variables, stimu- 
lus variables and response variables, or, 
as Spence (11) describes them, S vari- 
ables and R variables. Other psycholo- 
gists speak of three kinds of psychologi- 
cal variables: stimulus, response, and 
organismic variables (7); or variables 
pertaining to behavior, to environment, 
and to individual differences (13). In 
addition, some, but not all, psycholo- 
gists regard intervening constructs (or 
logical constructs) as another kind of 
variable. Still others divide variables 
according to whether or not they are 
experimentally manipulable. 

Tt is not clear whether this division is 
intended to constitute a stipulation of 
the range of variation of a given vari- 
able. It is a serious shortcoming of 

sychologists’ usage of the variable con- 
cept that the range of variation is usu- 
ally not clearly specified. While the 
mathematician stipulates that the vari- 
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able X is limited to integers or to real 
numbers, for example, or that it may 
range over the entire complex number 
domain, and while he may explicitly 
eliminate certain objects in the range 
(e.g., all values of the variable that 
would introduce division by zero [10, 
p. 99]), the psychologist does not usu- 
ally indicate what is to be included in, 
or excluded from, the domain of varia- 
tion. Accordingly, the psychologist may 
speak of the stimulus variable without 
specifying whether its range includes all 
stimuli or only one stimulus or a certain 
restricted class of stimuli. Similarly, he 
may refer to the response variable as if 
it were permitted to range over the set 
of all possible responses or at least all 
responses made by the subject during 
the experimental session, and yet, in 
actual practice, he may identify the 
variable only with the time required 
to trace a maze or with the frequency 
of lever pressing within a given time, 
thereby effectively ruling out many “re- 
sponses,” e.g., those referring to the 
pressure on the lever or the member of 
the body which pressed the lever. Per- 
haps it would help to decrease confusion 
if psychological writings made a point 
of explicitly mentioning the domain of 
the variable, 

There is also a difference of opinion 
as to whether quantification is pre- 
requisite for a variable. Some psycholo- 
gists hold to the belief that a variable 
should Properly be “quantifiable,” that 
it should pertain to things measurable: 
to numbers. Only if such quantification 
is a characteristic do they speak of a 
variable. Bergmann and Spence (2) 
write that when a relevant factor un- 
derlying a phenomenon has become 
quantifiable, it is called a variable. But 
other psychologists (e.g., 7, p. 4) claim 
that many of the variables used in psy- 
chology are qualitative and not quanti- 
tative. 

Even those who permit qualitative 
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variables in psychology often express 
the opinion that they are less preferable 
than quantitative variables and that the 
aim should be to introduce measure- 
ments whenever possible. In short, the 
most desirable domain of variation 1m 
psychology would seem to be a domam 
of numbers. If we use the phrase “nu- 
merical variable” to refer to a variabli 
whose domain of variation consists o 
numbers, then we may sum up this ee 
of affairs by noting that pecans oe! 
currently tend to favor, or even to a- 
vocate a restriction to, numerical vari- 
ables. È 
This is not the case in aaa 
By no means are all the variables W! 4 
which the mathematician deals numer 
cal variables (5, p. 273). He is con 
cerned also with nonnumerical watiable’s 
with those whose domains of anes; 
do not consist of numbers. He may aa 
dealing with a variable that ranges ©V r 
the set of all triangles in the plane, © 
the set of all curves in the plane jan 
two given points, or the set of all minot 
arcs on a sphere, or the set of all proper 
ties remaining invariant under a give! 
transformation, etc. It may be retorle 
that some of these domains of coat 
consist of objects that are — 
able.” For example, one might aie A 
the area of a triangle or the length © 3 
curve. But this is quite beside P 
point. When a variable has as its roin 
say, the set of triangles in the piane, 
then the variable is identifed with a 
triangle, and not simply with any a 
every “quantifiable” or “numerical ie 
pect of it such as the area of the E 
angle, or its perimeter, or the heights 3 
its altitudes, or the numerical values i 
its interior angles, or the lengths 
its angle bisectors or medians. Jes 
range of variation is the set of triang €? 
in the plane, and not the set of quanti i- 
able or measurable aspects of the t 
angles. J 
Possibly the current trend in PSY 
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chology toward quantification and the 
emphasis on numerical variables stem 
from the prevalent belief that science 
typically strives to quantify its con- 
structs (11). Whether or not this is 
the case, it may be a comfort to psy- 
chologists who are uneasy about “quali- 
tative” variables to keep in mind that 
mathematics, as a tool of the sciences, 
Is equipped to deal with certain quali- 
tative relationships, and that mathe- 
Maticians (including mathematical phys- 
nine freely work- with nonnumerical 
as ma and neither regard them as 
ie rior to numerical variables nor in- 

upon transforming them into the 
the latter. 


Wuar Is A Function? 


A If to each value of a variable X with 
a range M, there is associated one or 
ore values of a variable Y with a range 
A in M may or may not be identi- 
oe N), then Y is called a mathe- 
ae function of X. This is usually 
oul en symbolically as Y =f(X). Tf 
ley value of Y belongs to each 
fon of X, Y is called a single-valued 
ilued 4 of x and, otherwise, a multiple- 
t5 function. It may happen that 
vais variable Y there are associated 
ues of a set of variables, X1,X2 - + - 

m ..., with specified ranges in 
= case Y = 1X, Sore "x, sda 
ee make frequent use of 
oe and symbolism of math- 
fies a functions. But they sometimes 
ra dieli ¢ in a manner that differs 
am H from mathematical usage. For 
may 5 e, in psychological discussions we 
Bena T the concept of function, rep- 
IS) ed by such symbolism as R= 
he uie R represents response and 
plicit esents stimulus, interpreted im- 
relatio, or explicitly to mean a causal 
Sah a e.g., that S is the cause 
matke the effect of this cause. But a 
matical function does not (in 
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mathematics at least) denote cause and 
effect. 

In Courant and Robbins (5), we find 
the following: 


A mathematical function is simply a Jaw 
governing the interdependence of variable 
quantities. It does not imply the existence of 
any relationship of “cause and effect” be- 
tween them. Although in ordinary language 
the word “function” is often used with the 
latter connotation, we shall avoid all such 
philosophical interpretations. For example, 
Boyle's law for a gas contained in an en- 
closure at constant temperature states that 
the product of the pressure p and the volume 
y is a constant c (whose value in turn de- 
pends on the temperature): pv = c. This re- 
lation may be solved for either p or v as a 
function of the other variable, . . . without 
implying that a change in volume is the 
“cause” of a change in pressure any more 
than that the change in pressure is the 
“cause” of the change in volume. It is only 
the form of the connection between the two 
variables which is relevant to the mathe- 
matician (5, p. 276). 


Psychologists have also employed the 
function concept to represent a prior- 
subsequent relationship so that R= 
f(S) is interpreted as implying that S 
is prior and R subsequent to S. This 
has led to controversy as to whether it 
is the stimulus or the response which 
enjoys priority (cf. 1, p. 48). But a 
mathematical function is not a repre- 
sentation of prior-subsequent relation- 
ships any more than it represents cause- 
and-effect relationships. For example, 
the functional relationship between areas 
and radii of circles implies neither the 
priority of the radius nor that of the 
area. 

Mathematicians have found it con- 
venient to conceive of a function, Y = 
f(X) asa mathematical operation f( ) 
which, when applied to X yields Y, or 
as a mapping or transformation of one 
domain into another, in this case the 
domain M of the variable X into the 
domain N of the variable Y. It has 
been pointed out that mathematicians 
usually stress the form of the connection 
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between the variables, the “law of cor- 
respondence” or the operation fC), 
while physicists are usually more in- 
terested in the result of the operation; 
“confusion can sometimes be avoided 
only by knowing exactly whether one 
means the operation f( ) which assigns 
to X a quantity u = f(x), or the quan- 
tity u itself, which may also be consid- 
ered to depend, in a quite different man- 
ner, on some other variable, z” (5, D: 
277). In psychology, too, confusion can 
sometimes be avoided if in a given con- 
text the referent of the term function is 
indicated. For example, in dealing with 
R= f(S), psychologists may unwit- 
tingly confound the discussion if they do 
not specify whether they are using 
function to designate the operation f( ) 
or R itself, 

Finally, we should like to refer to the 
current stress in psychology on explicit 
formulations of functional relationships, 
on determination of the exact mathe- 
matical formula connecting variables, 
This is well exemplified in the writings 
of Hull (8,9) and Spence (11), Spence 
writes, “Instead of knowing merely that 
the Tesponse, R, is some function of the 
variables X4, Xo, X... Xn, he [the 
psychologist] desires to know the pre- 
cise function.” Hull is highly critical 
of unstated (nonexplicit) functional re- 
lationships and argues for explicit deter- 
mination of the mathematical formula 
connecting the variables (8, p. 29). He 
contends that it is better to make an in- 
Correct” guess as to the exact nature of 
the relationship than to work with non- 
explicit relationships, and calls for “de- 
termination of what the function 
tually is” (9, p. 173). 

This emphasis may be related to the 
belief that in order to characterize a 
mathematical function it is necessary to 
have an explicit Statement of the exact 
mathematical formula connecting vari- 
ables. But this involves a notion of 
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function and of functional relations 
that has proven foo narrow for the 
needs of higher mathematics. 


To Leibniz (1646-1716), who first mee 
word “function,” and to the athena 
of the eighteenth century, the idea of a aaa 
tional relationship was more or less iden ea 
with the existence of a simple mi i 
formula expressing the exact nature of t one 
lationship. This concept proved too ie aie 
for the requirement of mathematical Er 
and the idea of a function . . . was su arif 
to a long process of generalization and €! 
cation (5, p. 273). 


Note that the first impetus o A 
broader conception of the idea oF al 
function came from mathemati. 
physics, that example par en 
the fusion of problems of a science v ck 
mathematical methods. If behavior ane 
entists are to be successful in evolvi 
a “mathematical psychology,” it rag, 
necessary that they also discard a aa 
narrow view of the idea of a ajo 
relationship. In any event, the gene E 
ization of the idea of function is bY a 
means confined to mathematical ae K 
or to physics but is common to a the- 
higher mathematics. Often the ma H 
matician is concerned with peat: 
relationships for which he does not the- 
a simple, or even not-so-simple migs 
matical formula that precisely stipt this 
the nature of the relationship. But ath- 
need not be a handicap to further ett 
ematical treatment since the mo aire 
conception of function does not rea 
that it be expressed in terms of Gi ka 
bination of elementary functions a 
as logarithms, exponentials, ame? Hee 
or that it be expressed as a power aims 
as a trigonometrical series, or in as 
of derivatives or integrals. So Ione 
to each value of the independent V ari” 
able or to the set of dependen a 
ables there corresponds a value © i 
dependent variable, then the ee 
said to be a function of the fon 
despite the lack of any more pre 
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mathematical formulation. The mathe- 
matician may therefore prove (or as- 
sume) that there exists a functional 
relationship, which he may express in 
the general form, «= (Xi, Xo, --- 
Xn), that the variables have certain 
Tanges, and that certain properties are 
Possessed by the function; for example, 
that it is differentiable or has derivatives 
a to a certain order, or that it is con- 
ae or semicontinuous. And yet 
he m such knowledge (or assumptions) 
peed be able to derive many further 
Not ea properties and relations. 
Aa eing able to express the exact 
E of the relationship by a simple 
A are formula is therefore not 
eitha trier to mathematical treatment, 
ic r in mathematics itself, or in phys- 
S, or in other applications of mathe- 
matics. 
PTikewise, ignorance of the exact na- 
he the mathematical formula con- 
sae psychological variables need not 
fai an insuperable obstacle to further 
that oe treatment. Hull suggests 
to fiini psychologist should be prepared 
(8, p 7 in terms of higher mathematics 
aed j But then he must be pre- 
funky o accept the broader notion of 
and am common to higher mathematics, 
oes to be uneasy about “unstated” 
es relationships if by this he 
cess at the explicit formula is not 
explicit - To think mainly in terms of 
tetmin formulas, to regard their de- 
Psych, ET as the proper aim of the 
aS = ogist (even to the extent that 
J acer guess as to the specific 
3 ae the relationship is regarded as 
A fave cally sounder than working with 
conse explicit relationship), may be the 
ae of a narrow conception of 
is to bi To insist on this conception 
an a Pa ipsychology in the swaddling 
DRA kicked off by mathematical 
mathon and other branches of higher 
matics during their infancy- 
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INDEPENDENT AND DEPENDENT 
VARIABLES 


If Y= f(X), it is conventional to 
speak of Y as the dependent variable 
and X as the independent variable . 
since the value of Y is dependent on the 
particular value of X chosen. The num- 
ber of independent variables may be 
one, as in Y = f(X); or two, as in Y = 
f(X, Z); or n, as in F = f (Xi, Xs, -+ > 
Xa); or infinite, as in F = f (Xi, Xo, 


= a) 

It is worthwhile emphasizing that the 
designation of one variable as the de- 
pendent variable, and another as the 
independent variable, may be nothing 
more than a convention. There may be 
nothing inherent in the nature of the 
variables that makes one dependent on 
the other and not vice versa. For ex- 
ample, in the case of a single-valued 
function of one variable, Y=] 
there always exists the unique inverse 
function, XY If f() is the 
function which maps a domain M into a 
domain N, then the inverse function 
g( ) is the one which maps N into M. 
For the X =g(F), convention decrees 
that X be called the dependent variable 
and Y the independent one, thus re- 
versing the labels attached to these vari- 
ables when F = f(X). Hence whether 
Y or X is labeled as the independent 
variable may depend solely on the man- 
ner in which the functional relationship 
is written. 

The nomenclature, dependent and in- 
dependent variable, in mathematics is 
therefore not construed to mean that 
one variable is completely independent 
of the other. The very fact that the 
nomenclature presupposes a functional 
relation means that the so-called de- 
pendent and independent variables are 
actually interdependent. The function 
concept, we have seen, is a “law govern- 
ing the interdependence of variable 
quantities,” and this interdependence of 
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course works both ways. Any change 
in the dependent variable involves a 
change in the independent variable, and 
the other way around, precisely because 
the two are connected by a functional 
relation. For example, a change in the 
area of a circle is concomitant with a 
change in the radius, and vice versa. 

Thus the word independent in this 
context has a meaning that is different 
from that associated with the word in 
everyday parlance. It is also different 
from the meaning associated with the 
term when one refers to a system with x 
degrees of freedom as having 2 inde- 
pendent variables or n independent co- 
ordinates. These variables (or co- 
ordinates or degrees of freedom) are 
actually independent of one another. 
Attempts to describe the system by 
means of fewer, say n — 1, variables, 
would prove inadequate; and if n+ 1 
variables were introduced, one variable 
would prove to be a linear combina- 
tion of the others (to be linearly de- 
pendent on the others). If a system 
has » independent variables (n degrees 
of freedom), a change in one variable 
does not Presuppose a change in the 
other variables, Indeed, it is precisely 
the ability of the n coordinates to vary 
independently of one another which 
leads to their being described as degrees 
of freedom and as independent co- 
ordinates. But, we reiterate, it is not 
in this sense that the term independent 
is to be interpreted when discussing the 
independent and dependent variables of 
a functional relationship. 

Perhaps the nomenclature of depend- 
ent and independent in the latter con- 
text represents an unfortunate choice, 
Particularly since it seems to have pro- 
duced some misinterpretations among 
psychologists. At least, the misinterpre- 
tation seems to þe sufficiently wide- 


spread to lead Bakan to state in a recent 
report: 
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What is generally meant by the assertion of 
the independence of the stimulus is that it is 
independent of the response. The paradigm 
is that the response is dependent on BE 
stimulus, but the stimulus is independent o 
the response. The formulation of this para- 
digm is R=f(S) (1, p. 48). 


Bakan himself is opposed to this in- 
terpretation. Whether the interpreta- 
tion is as common as Bakan claims or 
is limited to only a few psychologists, 
there would seem to be a need to re- 
evaluate what is meant by the tr 
tional notation relating S and R, aa 
by their “independence” and “depen 
ence,” respectively. 

Presumably R = f(S) is intended ki 
convey the idea that R is a mathemat 
cal function of S. At least, the notation 
is that of the mathematical ae 
and most psychological texts imply pis 
such a function is involved. But if t 
stimulus and response are related by 4 
mathematical function—by any Rat 
tule, or correspondence that associates 
with each value of the stimulus one be 
more values of the response—it follows 
that the stimulus and response are PA 
dependent and that one cannot popii 
speak of one as independent of t i 
other. If the paradigm is actually 1- 
tended to be that the stimulus is in ja 
pendent of the response but the respons 
dependent on the stimulus, then it wou A 
perhaps be best not to use the notatio. 
of a mathematical function. a 

We are not objecting to the in 
tion of the stimulus as the independe 
variable and of the response as an 
dependent variable since it is corva 
tional to attach the labels in this ue i 
ner when the notation R = f (S) is oe 
But we are taking issue with the m a 
pretations of the descriptive adjectiv t 

Bakan considers it inappropriate i 
talk of the independent stimulus bir 
able because “the stimulus does not ex! e 
as a stimulus except by virtue of i 
responses of the organism” (1, p. 48) 
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Interestingly enough, the same issue of 
the journal containing Bakan’s report 
a includes another article, which calls 
a “ees immediately physical or re- 
es le to physical concepts, and which 
e patis that under this canon a stimu- 
o would have to be something which 
aT could ascertain without 
E es any organism for it to work 
ee mp: 10); that is, a stimulus 
a exist when there was no organism 
Anal spond to it. While Bakan does not 
ee i Peoitically with this contradiction 
it own point of view, he holds that 
<a iar ofa mistaken notion of the 
Solo tes the stimulus that some psy- 
ae s speak erroneously of the inde- 
ee of of the stimulus and the depend- 
Other the response variable. On the 
we and, he continues, some of the 
et ere who talk of the independ- 
oe variable (e.g., 2, 4, 12) give 
respo y not to the stimulus, but to the 
(12) mse. Thus he notes that Stevens 
te pas the priority of the opera- 
oe goes on further to specify the 
outa of the operation as being dis- 
aoe a response. 
a? possible source of the inter- 
to ind on that some psychologists give 
may ie ident and dependent variables 
Cause the belief that the former is the 
aa the latter the effect, that the 
A ia for example, is the cause and 
erally ponse its effect or, more gen- 
are th hat the independent variables 
and i initiating causes of behavior’ 
ino Wo dependent variables the result- 
£ behavior, : 
eee are, of course, free to 
respon Priority to the stimulus or to the 
Ship ¢ Se or to assume a causal relation- 
of ¢ se al them. But then the use 
may b mathematical function notation 
teady e misleading since, as we have al- 
i earn this notation (at least 
Subse ematics) does not imply a prior- 
quent or cause-effect relationship- 
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SUMMARY 


While psychologists use such mathe- 
matical terminology as variable, inde- 
pendent and dependent variable, and 
function, as well as the mathematical 
symbolism for representing functional 
relationships, they often fail to specify 
whether or not the terms and symbolism 
are to be interpreted as in mathematics. 
Other interpretations are sometimes im- 
plicit or explicit in psychological writ- 
ings. The present report outlines some 
of the differences between mathemati- 
cians’ and psychologists’ use of these 
terms and symbols. 


1. The term variable is generally 
left undefined in psychological texts. 
Whether or not a constant is accepted 
as a special case of a variable (as it ` 
may be in mathematics) is usually not 
indicated. 

2. Psychologists often speak of a 
variable (e.g, stimulus variable or re- 
sponse variable) without indicating 
what is to be included in, or excluded 
from, its range of variation, that is, 
without indicating the set of objects 
with which the variable may be identi- 
fied. 

3. Some psychologists consider quan- 
tification or measurement essential to 
(or at least preferable for) a variable, 
suggesting that the only (or the pre- 
ferred) range of variation should con- 
sist of numbers. But mathematicians 
work with both numerical and non- 
numerical variables (those whose do- 
main of variation does not consist of 
numbers) and do not consider the lat- 
ter inferior to the former or as requir- 
ing reduction to numerical variables. 

4, The mathematical function nota- 
tion is sometimes employed by psychol- 
ogists to imply that one variable is 
prior to another in time or that one 
variable is the cause and another the 
effect. In mathematics the term func- 
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tion does not imply either a prior-subse- 
quent or a cause-effect relationship. 

5. Confusion may be avoided if psy- 
chologists indicate whether, in a specific 
context, they mean by the term func- 
tion the mathematical operation f( ) 
(which may also be interpreted as a 
mapping or transformation) or the out- 
come of applying f( ) to a variable or 
to a set of variables, that is, whether, 
for Y = f(X), the referent of the term 
function is f( ) or Y. 

6. We pointed out that the so-called 
independent and dependent variables of 
a functional relationship are actually 
mutually interdependent (since they are 
related by a function concept), so that 
it is erroneous to assume, as some psy- 
chologists apparently have, that one of 
the variables is independent of the other, 
but not the reverse. Whether a variable 
is designated as dependent or independ- 
ent may be a consequence of the manner 
in which the functional relationship 
happens to be written, and may not be 
an indication of anything inherent in 
the nature of the variable. 

7. Different interpretations of the re- 
lation R= f (S), where S represents 
stimulus and R response, were analyzed, 
and the basis of current controversies 
was found to lie in the conflicting inter- 
pretations given to the terms function, 
independent variable, and dependent 
variable. 
8. It was suggested that the current 
ress in psychology on explicit formu- 
lation of functional relationships, on de- 
termination of the exact formula or 
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equation, may involve a notion of func- 
tion that has proven too narrow for the 
needs of higher mathematics, and that 
may be too narrow for psychology. 
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BEHAVIOR UNDER STRESS: 


A NEUROPHYSIOLOGICAL 


HYPOTHESIS * 


H. RUDOLPH SCHAFFER ? 


Tavistock Clin 


Stress and its effects on behavior is a 
Subject of which both clinicians and ex- 
Perimentalists have become increasingly 
aware within the last two or three dec- 
a In human beings it has been ob- 
la mainly under naturally occur- 
Tite conditions, as instanced by the 

erature on psychiatric war casualties 
(e.g., 18) and, in the case of infants, 
at experience of prolonged separa- 

tom the mother, which Bowlby 

a has found to have marked patho- 
ie effects on development. In ani- 
a stress has been studied chiefly in 
A aboratory, where a variety of tech- 
Ale has been evolved to disrupt 
tlie ing adaptation patterns and to re- 
a these by certain forms of nonad- 
ee behavior, Probably the fullest 
ar systematic set of data derives 
Ses a studies which have been 
Deri. together under the title of “ex- 
work ental neurosis,” and it is to this 
ane that the present paper will pri- 

arily refer, 

ur knowledge of the behavioral data 

of many of the antecedent condi- 
amit in this type of stress 

i ion is now, thanks to a consider- 
rl number of descriptive studies, 
a deauate, but no completely suc- 

attempt has yet been made to 
a theoretical framework to the re- 
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taken research on child development under- 
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sults of this work. It is the aim of this 
paper to propose such a framework, 
and it is hoped that, with the help of 
certain neurophysiological notions, it 
will thereby become possible to order 
the behavioral data and to reach some 
understanding of the dynamics under- 
lying behavior under stress. 


STRESS AS DISRUPTION OF THE 
ORGANISM-ENVIRONMENT 
RELATIONSHIP 


A stressful situation may be regarded 
as essentially one in which a major dis- 
ruption of the relationship between an 
organism and its environment has taken 
place. Under nonstressful conditions 
this relationship tends to be relatively 
harmonious; the environment, on the 
one hand, will gratify the needs and ex- 
pectations of the individual, while the 
organism, on the other, can adequately 
meet the demands made upon it by ex- 
ternal stimulation. The relationship 
will suffer some disruption when the or- 
ganism meets a novel situation for 
which it has no adjustive response 
readily available and in which it can- 
not find such a response until a period 
of trial-and-error behavior (problem 
solving) has taken place; but even in 
such circumstances, the disruption will 
generally be a minor one and adjust- 
ment will eventually occur. It is only 
when the difficulty of the task confront- 
ing the organism is so increased as to 
approach a no-solution situation that 
one may speak of a stress situation. 

But the relation between the com- 
plexity of a problem and the capacities 
of the individual to solve it is only one 
factor defining the organism-environ- 
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ment relationship. Another is the de- 
gree of motivation which impels the pr- 
ganism to face the problem, and which 
thus restrains it within the situation. 
Only when a drive has been activated 
can we talk of a psychological relation- 
ship between the individual and his en- 
vironment, and only when this drive is 
sufficiently strong to persist is it pos- 
sible for a major disruption in this re- 
lationship to occur. Thus, as Lazarus, 
Deese, and Osler (20) have pointed out, 
stress cannot be defined in terms of the 
environment alone; the motives and ca- 
pacities of the organism and their inter- 
action with the environment must also 
be taken into account. Fuller’s (11) 
definition of a stressful situation as one 
in which adjustment is difficult or im- 
possible but in which motivation is very 
strong satisfactorily complies with this 
demand. 

Disruption of the organism-environ- 
ment relationship can be brought about 
in several ways, and it may be con- 
venient to distinguish the three types of 
situation. The first occurs when the 
organism is overwhelmed by an exter- 
nal stimulus for which it has no ade- 
quate adjustive response available and 
from which it has no means of immedi- 
ately escaping; this may happen, for 
Instance, in the case of a stimulus too 
intense for the capacities of the organ- 
ism, such as electric shock; such situa- 
tions may be characterized as traumatic. 
Second, in a frustration situation the 
adequate object for an aroused drive or 
expectation essential to the motiva- 
tional structure of the organism is not 
forthcoming from the environment; the 
result is that, instead of extinction of 
drive-instigated behavior, there is con- 
tinued internal stimulation which the 
organism cannot reduce, Third, there 
are situations of conflict, where the 
simultaneous arousal of two equally 
strong drives giving rise to mutually in- 
compatible behavior tendencies makes 
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it impossible for the organism to make 
effective use of what the environment 
does offer. 4 
From the point of view of the dis- 
ruption that occurs in the organisms 
environment relationship, it is impor- 
tant to note that stress situations are 
not sharply differentiated from non- 
stressful situations. But whereas ae 
disruptions leave no aberrant sa 
behind, and on the contrary serve i 
organism by calling into play new yer 
justive responses, there is a point in ee 
continuum beyond which this ceases 3 
be true; beyond this point the respon a 
evoked begin to show those nonadapis 
characteristics that are found whenev : 
an organism is caught between its ma 
to find a means of adjusting a all 
complete inability to do so. We RET- 
now turn to an examination of m 
characteristics before attempting pa 
reach an understanding of the mec a 
nisms responsible for their appeata” 


CHARACTERISTICS oF BEHAVIOR 
UNDER STRESS 


The behavioral symptoms which 
emerge under stress refer, first, ñ 
changes in general activity and, ii 
to changes in the learning process. 

Changes in general activity ve be- 
classified under two dimensions ° Bie 
havior: the rate and the range of ex- 
tivity. The former refers to aa 
citatory-inhibitory classification Ry the 
Pavlov proposed and which entails of 
shift of activity toward either an 
the two extremes of this aime n 
when stress is applied. In the beet 
tory type, which tends to be more © 
mon, behavior is greatly speede sust- 
and disorganized, and the fine adj der 
ment of reaction to stimuli found u” 
normal circumstances is lost. Muscu in 
tremor, vocalization, disturbances |. 
respiration and pulse, mydriasis, n 
minished control over micturition Ke 
defecation, changes in blood press! 


_ 
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the loss of previously established con- 
ditioned reflexes, and a sensitization 
Phenomenon in which the animal is 
triggered off” by the least stimulus— 
all these are symptoms of the excita- 
tory type. In the inhibitory type, on 
the other hand, disorganization of be- 
havior assumes a different form, for 
here the shift of activity is toward the 
Other extreme, and a decreased degree 
of sensitivity and a slowing down of 
fe responses are accordingly found. 
‘mead may even cease altogether for 
E 8 periods, and a cataleptic-like im- 
nobility manifests itself in the animal. 
ane second dimension of behavior 
or, which we are here concerned, the 
Bo of activity, refers to the general 
Bice Tiction of functioning which 0c- 
E im a stress situation. An organism 
gh under stress will show a fairly wide 
i varied range of activity in a prob- 
ane Situation before such trial-and- 
a jenna becomes narrowed down 
Spon irected toward the set of re- 
3 as most likely to prove adaptive. 
Cone hae however, no such directed 
as Hami. is apparent, and behavior, 
$ pean and Krechevsky (16) have 
SOS idea tends to lose its 
tele.” and instead assumes a marked 
Drevig Ypy. Failure to benefit from 
6 ies experience and the tendency 
battens within a narrow range of re- 
S are thus further characteristics 
havior under stress. 
Stress oe to the learning process under 
Specte We find that there are certain re- 
eki a which this process differs from 
X of learning found in nonstress- 
tuations. These differences mani- 
tate sremselves (a) in the increased 
() in tele ee of certain responses, 
fi eir persistence in a stereotyped 
or long periods without reinforce- 
» and (c) in their unadaptive char- 
eristics | fact, all three of these charac- 
the Sa may be said to be aspects of 
me feature, namely, the greatly 
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increased sensitivity of the learning 
mechanism operative under stress, which 
fixates whatever response is dominant 
at the time and prevents its being ex- 
tinguished even when it is followed by 
nothing but unfavorable consequences. 
The ease of conditioning of certain 

thological responses to stimuli asso- 
ciated with the stress experience has 
been commented on, inter alia, by Gantt 
(12) and Lichtenstein (21); and the 
stability of such responses and their 
persistence as stereotyped fixations have 
been noted in nearly all experimental 
studies on stress. 

The third characteristic of the learn- 
ing process operative under stress, 
namely, the unadaptive nature of the 
responses that are fixated, is shown in 
the elimination of the trial-and-error 
behavior usually found in problem- 
solving situations. Instead of a search 
taking place for the response that would 
be most effective in adjusting to the 
situation, it appears that whatever be- 
havior pattern happens to be dominant 
at the time stress is applied will become 
fixated. For instance, Ullman (33), by 
giving shock to rats at the moment of 
feeding, was able to produce a com- 
pulsive eating symptom in the animals; 
Wolpe (36) noticed that a cat which 
happened to be micturating at the time 
when it was put under stress henceforth 
always micturated the moment it was 
again put into the stress environment; 
and Brown and Jacobs (6) found in 
the case of rats to whom shock was ad- 
ministered that “fear acts to intensify 
whatever response is dominant at the 
moment.” Thus, the response pattern 
that becomes fixated is not necessarily 
the most efficient that the animal has 
available at the time of fixation: some 
of Masserman’s (27) cats, for example, 
chose a response which exposed them to 
the noxious stimulus (an air blast) 
rather than one which protected them 
from it. Only in those cases where 
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stress is introduced more gradually, 
where its application does not take 
such a severe and sudden form that the 
disruption of the organism-environment 
relationship immediately becomes rela- 
tively complete, will the organism first 
show directed trial-and-error behavior 
aimed at relieving its plight. But w I 
prolonged inability to bring about ad- 
justment causes the aroused excitation 
to continue mounting, the disruption of 
the relationship with the environment 
will eventually become so great that 
this problem-solving situation gives way 
to a stress situation; thereupon the 
same stereotyped, highly fixative char- 
acteristics that we have already noted 
to be typical of stress will overtake the 
learning function. 

It appears, then, that the learning 
mechanism operative in stress situa- 
tions will “freeze” whatever behavior 
pattern is dominant at the time. Thus 
the door is opened to all sorts of “irra- 
tional” and ill-adapted responses, which 
are retained in a highly stereotyped 
form, despite lack of reinforcement 
from the environment, for much longer 
periods than are the more variable re- 


Sponses acquired in nonstressful situa- 
tions, 


A NEUROPHYSIOLOGICAL Hypornesis 


When seeking an explanation for all 
these characteristics of behavior under 
stress, we find not only that few at- 
tempts have been made in this dir 
tion but that none of the proposals 
forward so far has attempted to ex- 
plain both the changes in general ac- 
tivity and those in the learning process. 
Pavlov (31) sought to account for the 
former by his theory of the respective 
dominance of excitatory or inhibitory 
cortical Processes, but in the absence of 
empirical confirmation this theory has 
now been abandoned. More detailed 
attention has been given to the learn- 
ing process and the Problem of abnor- 


ec- 
put 
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mal fixations; in particular, Mowrer’s 
(29) anxiety-reduction theory has Be 
applied to these phenomena by severa 
authors (e.g., 6, 21, 33). An attempt : 
made by these writers, with the help 7 
the concept of secondary a, i 
to force learning under stress into $ 
same conceptual framework as learn a 
under normal conditions, and me w 
account for both in the light of the E 
of effect. Eglash (10) has atceres a 
fectively criticized this attempt; bri ine 
such a theory has yet to explain be. 
in the first place, the dominant ra a 
than the most effective responi z 
adopted under stress, often pee 
preliminary trial-and-error period} ther 
secondly why this response, unlike te 
drive-reducing responses, assumes form, 
a rigidly stereotyped, unvarying a 
which will not even be altered whe tress 
animal perceives that the original “ality. 
situation is losing its noxious qU akes 
Maier (24), on the other hand, 
no attempt to apply the same EN re- 
learning to “frustration-instigate * 
sponses as to problem-solving beha the 
but he does not go beyond stating ‘it 
distinction, and thus fails to point Tiari- 
mechanism to account for the pect 
ties of learning under stress. isting 
In view of the inadequacy of r an 
theories, we are forced to look, it i 
alternative explanation, and this, rning 
here suggested, we may find by p f 
to the neurophysiological backgro sings 
the phenomena we have been discus? g 
with particular reference to e 
tional relationship of the cortex erally 
lower cerebral centers. It is gen ndet 
agreed that in the mature animal 'nship 
nonstressful conditions this pee ortet 
is mainly one of dominance of the that 
over the more primitive centers, = he 
the activity of the organism is p i 
whole cortically influenced and for 
fied. Under conditions calling ech? 
emotional behavior, however, ™ sitt 
nisms known to be subcortically 
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ated become activated, and it appears 
that then the relationship changes and 
a shift in emphasis occurs from cortex 
to subcortical centers; or, as Darrow 
(9) has put it, whenever the cortex is 
no longer able to deal with afferent ex- 
p ton; a process of relative functional 
f a takes place. It may be that 
th physiological activity of the cortex 
tae becomes inhibited by disruptive 
es from subcortical areas, with 
ae that the cortex can no longer 
ae its controlling influence over lower 
mei Now this notion, when sys- 
phe — extended to the whole area 
ae avior under stress, may well serve 
= rem scheme for the pe- 
We oe characterizing such behavior. 
Dat eee propose the hypothesis 
E oth in general activity and in 
with a under stress we are confronted 
maril unctions that must be seen pri- 
ha y in relation to subcortical rather 
Te ica processes; that stress in 
Haan Tings about a shift in dominance 
Per Pai to subcortical centers; 
Ba we must therefore expect dif- 
this he in behavior corresponding to 
cal stat nge in control. The pathologi- 
on eee from stress may then 
i rded as a chronic disturbance in 
elationship of the cerebral centers, 
cae symptoms of this state as a 
This a such a disturbance. ; 
the exi pothesis is made plausible by 
Ween ey of certain similarities be- 
ations e behavior of decorticate prepa- 
fies: and that of intact animals under 
arities a shall now turn to these simi- 
e hy n the belief that they will show 
ing pothesis to be capable of provid- 
Mont o tony scheme for the be- 
oricera pasnomena with which we are 
Rin x - The precise neural mecha- 
tween y which a shift in balance be- 
ay A and subcortical centers 
as yet a rought about under stress 1S 
i ot clearly understood, and in 
ase will not concern us here. 
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SuBCORTICAL CONTROL OF 
GENERAL ACTIVITY 


It has long been known that decorti- 
cate preparations, in which the forebrain 
has been removed back to the level of 
the hypothalamus, will manifest certain 
marked changes in behavior related 
mainly to a considerable lowering of 
the emotional threshold. But it is only 
recently that the cruder methods of 
ablation have been replaced by more 
accurately placed lesions, so that, as in 
the work of Bard and Mountcastle (2) 
and of Spiegel, Miller, and Oppenheimer 
(32), the neural mechanisms necessary 
to the expression and suppression of 
“sham rage” can be somewhat more 
narrowly defined. It appears from these 
studies that the typical decorticate pat- 
tern of behavior will not be brought 
about as long as the rhinencephalon is 
left intact, but that once lesions im- 
pinge upon this structure, and par- 
ticularly upon the amygdaloid nuclei, 
interrupting the tracts from the archi- 
cortex to the posterior hypothalamus, 
the behavior of the organism changes 
and various symptoms, presumably re- 
lease phenomena, will manifest them- 
selves. Thus, the degree of emotional 
sensitivity to stimulation of the oper- 
ated animal is greatly heightened; even 
the slightest stimulus will elicit all 
the signs of violent excitation: biting, 
trembling, struggling, vocalization, pilo- 
erection, mydriasis, high pulse rate and 
blood pressure, and disturbance in res- 
Similarly, the decreased con- 
ition and defecation ap- 
pears to be due to the release of these 
functions from higher cerebral control, 
If in addition the neocortex is affected 
by lesions, a stereotyped, crude, and 
constricted form of behavior appears 
instead of the directed variability of 
activity shown by normal animals. The 
work of Kliiver and Bucy (19) on mon- 
keys appears to contradict these find- 


piration. 
trol over mictur 
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ings, for similar lesions brought about 
markedly placid behavior; but, as 
Lindsley (22) suggests, the difference 
may lie in the fact that the temporal 
lobes received somewhat different treat- 
ment, or it may be that the inhibitory 
and excitatory functions which in car- 
nivores lie in the rhinencephalon have 
migrated farther rostrally in primates. 
All the symptoms denoting released 
emotional excitability are, as we have 
seen, also typical of the changes in the 
rate and range of activity shown by ani- 
mals of the excitatory type under stress, 
and a comparison of these two classes 
of behavior suggests indeed that they 
may both stem from the same neuro- 
Physiological basis, This would sup- 
port our hypothesis that under stress 
the organism is no longer functioning 
under the same neural control as in a 
nonstressful situation, but rather that 
activity is predominantly controlled at 
subcortical levels. d 

There is, however, one important dif- 
ference between the two conditions: 
emotional after-discharge is shown by 
organisms under stress but not by the 
operated animals. Whereas the latter 
cease their excitement the moment the 
arousing stimulus is removed, animals 
that have been under stress may con- 
tinue in an agitated state for long pe- 
riods after the experience, 
Suggested þ 


self- e to the es- 


cal reverber- 
if this is the case, it 
t, even though much of 
Stress can be understood 
a restriction of cortical 
a release of subcortical 
ex is nevertheless con- 
a part, namely, in the 
Support of the aroused 


as being due to 
functioning and 
Centers, the cort 
tinuing to play 
maintenance and 
excitation, 


When we come to consider the inhibi- 
tory type of reaction, which, as we have 
seen, is also shown in some cases under 
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stress, the comparison with the deot 
cate pattern breaks down. It is lil a 
that we are here confronted with a y 
ferent kind of disturbance of the re a 
tionship of the cortex to the Tona 
cerebral centers, but so far no evide 
has come to hand which enables i 
gain more precise insight into the 
ture of this disturbance. 


VELS 
LEARNING AT SUBCORTICAL LEVE 


We have seen that the learning a 
ess under stress tends to have one 
teristics that are different CO athe 
operating under nonstressful con i that 
If the hypothesis is to be borne ou r the 
under stress lower centers take a 
control of behavior, we are reat ee 
find the mechanism responsible n a 
characteristics at a neural leve evi- 
that of the cortex. Is there e suc 
dence to suggest the existence 0 
a mechanism? 

At one time it was thought tha 
ing is an exclusively cortical fu 
and Pavlov (31), in particulas 
ously opposed all suggestions thé 
neural locus of conditioning COU 
subcortical. This view, howev our 
since been challenged. Thous is still 
knowledge of subcortical tees e indi- 
meager, several sources of eviden in fact 
cate not only that learning is that for 
possible subcortically but also sen i 
a certain form of learning the nisms, 
tivity of the subcortical are. i 
when freed from higher ih ee 
very much greater than that 0 
learning mechanisms. from 

Our first line of evidence et ) 
the work of Culler and Mett Cg to 
who have shown that tondi EE a 
shock normally entails two A diffus? 
the first stage a generalized ere 
pattern of skeletal behavior $ 
evident, while in the second is 
Precise and adaptive TEPP is 
lected. The first stage (whic! Zp 
duplicate of the unconditioned T! 


t learn- 
nction, 


vigor- 
the 


si 
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to shock) occurs within a surprisingly 
short time; the second stage is more 
gradual and results in the emergence 
of a localized, precisely adapted re- 
PE which is adopted by the ani- 
= as the most economic and efficient 
ee of solving the particular problem 
i ronting it. Culler and Mettler have 
und that the decorticate animal is ca- 

pest the first but not of the second 
ee that is, it is just as speedily 
A ditionable in a random, diffuse way 
5 ee animals but is incapable of 
Ee ie a precise and efficient re- 
ie This suggests that the first stage 
RA subcortical learning mechanisms 
fe hact the second requires cortical 
en e (It is this later stage 
Mitte ss md in mind when he 
ition’. the difficulty of obtaining con- 
Bust Pa at subcortical levels.) It 
R erefore be concluded that sub- 
“sim i centers are highly sensitive to 
‘i E e diffuse conditioning (direct dis- 
ae of substitute impulses into ex- 
et (8, p. 301), but 

koisa ape of the most adaptive re- 
Bliss fit the problem can only take 
en cortical processes are Op- 


s erating, 


om conclusions are confirmed by ex- 
and nts on conditioning under curare 
ken erythroidine—drugs which have 
and bi to suppress cortical activity 
to Rass, enable subcortical processes 
as cle ion independently. Girden (15) 
Gow shown that under such con- 
Prolon the rapid development and 
CR» ged retention of the drug-state 
this +e Particularly striking, and that 
i, Bid to both skeletal and blood 
ing oe CR’s. Once again the learn- 
simple at is observed proceeds along 
eprese associative lines and does not 
Olvin, nt the more refined, problem- 
a type of learning. ; 
Forte ct in a further investigation 
his o ey (5) obtained different results; 
€corticate dog showed the usual 
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type of learning seen in intact animals. 
Also using an instrumental conditioning 
procedure, Bromiley found the animal 
to be capable of giving adaptive re- 
sponses which, according to the acquisi- 
tion scores, were not learned at a no- 
tably speedy rate. Just what factor 
accounts for this difference in findings 
remains at present a puzzle, though one 
possibility lies in the fact that Bromi- 
ley’s operation was almost wholly con- 
fined to the neocortex, whereas Culler 
and Mettler also brought about consid- 
erable destruction in the archicortex. 
Only much needed further research in 
this area will, however, give us the 
ultimate explanation. 

But in the meantime we may note 
that other data on subcortical learning 
do support our hypothesis. Zélény and 
Kadykov (37) have reported their find- 
ings on the learning function of a dog 
after cortical extirpation. A condi- 
tioned response established to a cer- 
tain tone appeared also to neighboring 
tones; despite 300 presentations of one 
of these latter tones without reinforce- 
ment, extinction failed to occur, though 
there was some discrimination in the 
form of a weakening of the response 
without affecting the strength of the 
CR to the original tone. These authors 
also noted the speed with which an 
olfactory CR developed in their dog, as 
only seven combinations were necessary 
for its acquisition. 

Another source of evidence on sub- 
cortical learning comes from the work 
of Gantt (12) on the cardiac rate in 
normal animals. Gantt found that the 
cardiac component of a conditioned re- 
sponse is a much more sensitive index 
of learning than are the skeletal com- 
ponents of the reaction, that the former 
is more quickly formed and persists 
much longer than the latter. Even two 
years after the secretory and skeletal 
parts of a food response had become 
extinguished, the cardiac component 
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was still retained. A similar finding 
was made by Anderson and Parmenter 
(1), who noticed that a sheep, which 
had been conditioned first to a 10- 
second and then to a 20-second interval, 
persisted in showing cardiac accelera- 
tion every 10 seconds long after the 
motor response had been retrained to 
the longer interval. This phenomenon, 
Gantt has pointed out, reveals that a 
basic dysfunction may exist in a nor- 
mal organism, “a kind of cleavage be- 
tween the outer specific muscular and 
the inner cardiac expression” (13, p. 
50). The subcortically controlled car- 
diac reaction is fixated more readily 
and can persist without reinforcement 
much longer than the cortically con- 
trolled specific skeletal response. 
Finally, Hebb (17) has drawn atten- 
tion to a kind of learning established 
early in infancy which has all the prop- 
erties of a reflex in that it is little af- 
fected by set and is highly resistant to 
extinction. As an example of such re- 
sponses he mentions the eyeblink to a 
rapidly approaching object, which has 
been shown to be learned in infancy 
and to be independent of reinforcement. 
From the anatomical studies of Conel 
(7) we may surmise that in early in- 
fancy subcortical but not cortical cen- 
ters are functioning: consequently there 
bt that we are con- 


yet another instance 
of subcortical learning, 


t appears from these observations 
vidence suggesting 
indeed 


? 
only to simple as- 
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sociative learning. In the case of skele- 
tal responses, increased sensitivi ia 
probably a release phenomenon, je 
is suppressed when the cortex is 4 j 
tioning and comes into evidence a 
as the result of cortical ablation. j 
cardiac rate, on the other hand, a 
pears to be sensitive even in the r r 
ence of the cortex and is me aa 
presumably not subject to pes tal 
hibition to the same degree as mee “aif 
responses—a conclusion to which a 
horn (14) has also given his supp 4 
Whether or not the release pheno 
non which we have noted ran n 
brought about by lesions idena P 
those releasing general activity rem i 
to be tested. Experiments on subera 
cal learning following partial decor A 
tion have so far yielded diverse coe ‘ott 
Wing and Smith (35) found ee 
of a CR to light to proceed muc pee 
slowly after the removal of the $ a 
area than before, but in a panes 
publication Wing (34) has ques rquis 
the validity of this conclusion. Ma con- 
and Hilgard (26) found that the pe 
ditioned eyelid response to light, w Pp: 
they showed to be subcortically 


: cage keys 
quired, failed to extinguish in monkey” 


’ 
whose occipital lobes had been bee 
however, they also made this obs nor- 
tion in normal monkeys but not in con- 
mal or operated dogs (25). No r hy- 
clusions, either for or against ou from 
pothesis, can therefore be draw? 
this area. at 

On the other hand, we have ene 
in those instances in which eat a 
is indubitably no longer eE 
inhibitory influence on subcortica un- 
ters, the characteristics of Jeornink ap 
der stress may also appear at * pere- 
cortical level. The evidence does the 
fore appear to be consistent wit h 
view that in situations of stress iing 
cortex ceases to be the chief tonns e- 
and integrating center, and the 


ilt of 
sponses then acquired are the resu 
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subcortical learning. One might in- 
deed view the cortex as essentially an 
organ of adaptation, which prevents 
the acquisition of completely nonad- 
Justive responses and brings about ex- 
tinction as soon as any response is no 
longer reinforced. In its absence, how- 
ever, more primitive and less adaptive 
mechanisms come into force, and it is 
these mechanisms that may be said to 
account for the phenomena found under 
conditions of stress. Thus it appears 
rat the subcortical centers, owing to 
eir highly sensitive nature, fixate 
eae pattern of behavior happens 
ig contiguous at the time, and that 
oe is then reactivated by all 
stim ‘a appearances of the stressful 
ie utus, as well as by any previously 
oh stimulus occurring in the same 
vironment and thereafter also firmly 
associated with the response. 

Tt will be seen that, although the 
ra ‘ihe theory agrees with Maier’s (24) 
(Sn ee theory in postulating that 
dar aa cannot be explained by the 
ent aws of learning that govern “goal- 
For oe responses, it goes further. 
aka ile Maier rightly protests against 
spon pts to fit these pathological re- 
Bobi into the Procrustean bed of 
atte em-solving behavior, he makes no 
aii to explain the mechanism by 

his their “freezing” comes about. 
oe peer g ig it is here suggested, 
lla ag in the special nature of 

Ttical learning. 


CONCLUSIONS 


TA functional relationship between 
area a lower cerebral centers is an 
Scans out which our knowledge is still 
nty, and the experimental data with 
a we are provided are as yet lim- 
coke that in any attempt to understand 
Dhysinn, r it is fruitful to take this neuro- 
as Sa ie relationship into account 
intervening variable and to relate 


d. But what evidence there is sug- - 
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the changes to which it is subject to be- 
havioral phenomena. This the present 
paper has attempted to do, and though 
the hypothesis of subcortical dominance 
under stress still stands in need of di- 
rect empirical testing, it does appear, as 
we have seen, that there are some 
grounds for believing this hypothesis to 
be capable of explaining the character- 
istics of behavior under stress. It is 
true that we must beware of taking too 
extreme a position in this matter, that 
the cortex is not in fact an isolatable 
unit physiologically (it may well be 
that the dichotomy between cortex and 
subcortical centers is, physiologically 
speaking, too crude). Also the part 
the cortex plays in the maintenance 
and elaboration of excitation subsequent 
to stress-induced breakdown must not 
be overlooked. Nevertheless, it seems 
likely that a relation exists between the 
extent of disruption of the organism- 
environment relationship and the rela- 
tive degree of control exercised over 
behavior by cortical and subcortical cen- 
ters. The hypothesized relation is such 
that whenever aroused excitation is un- 
able to find a readily available response 
channel through which to discharge, 
cortical control becomes weakened and 
the more primitive action systems con- 
trolled by the diencephalon become 
correspondingly prominent. In prob- 
lem-solving situations where disruption 
of the organism-environment relation- 
ship is not severe, the subcortical ele- 
ment is probably relatively small; it 
merely adds an emotional component 
to behavior that otherwise still bears 


‘the hallmarks of cortical variability and 


direction. But once the disruption be- 
comes extreme, as under stress, the 
shift in dominance is likely to be more 
drastic, and behavior will then change 
accordingly. The possibility that such 
a change takes place is especially rele- 
vant when we seek to explain the learn- 
ing process under stress, for any ap- 
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proach which insists, as the anxiety- 
reduction theory does, on fitting the 
same principles that govern learning in 
nonstressful situations to learning under 
stress runs into the danger of making 
unjustified generalizations. But if an 
attempt is made to link the two types 
of behavior to their neural bases, it 
seems indicated that the reflex-like 
quality of stress-fixated responses is a 
function, not of some sophisticated 
learning process, but of a relatively 
primitive neural level at which auto- 
matic and stereotyped responses are the 
rule. 

~ The specialized nature of subcortical 
learning may well be a Process that 
underlies also a variety of other phe- 
nomena in which for diverse reasons 
subcortical centers are likely to be 
dominant. These include the fixating 
instead of extinguishing effect which 
punishment has been found to have 
under certain circumstances (30); the 
particularly speedy and permanent type 
of learning found in certain critical pe- 
riods of development in various species, 
which Lorenz (23) has termed “im- 
printing”; and the enduring nature of 
some forms of learning in infancy, 
when, as Bousfield and Orbison (3) 


have argued, the organism is still in a 
‘precorticate” condition. 


Summary 


1. A stressful situation May be de- 
scribed as one in which a major disrup- 
tion of the relation of an organism to 
its environment has taken place; it is 
brought about when a highly motivated 


and conflict, 


2. As a result of stress certain changes 
manifest themselves in general activity 


and in the learning Process. Both the 
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rate and the range of general activity 
become altered, while the learning proc 
ess is characterized by a highly in- 
creased degree of sensitivity, as ee, 
by the altered rates of acquisition E- 
extinction, and by the tendency i 
fixate whatever response is dominant a 
the time. k 

3. None of the theories so far a ; 
vanced has proved successful in re 
plaining the mechanisms responsible a 
all these changes. The typot ii 
here advanced that under stress a $ re 
in emphasis occurs from cortical to nd 
cortical centers, and that consequen He 
behavior under stress must be seen pi 
marily in relation to subcortical pr 
esses. 

4. This hypothesis is supported Be 
the similarity of general activity bie 
stress to that of decorticate anima pa 

5. The hypothesis receives Bae 
support from the nature of age i 
learning; according to various line ee 
evidence, such learning is highly te 
tive for purely associative anes 
This could account for the charac E7 
istics of learning under stress, and a 
sibly also for certain other phenom 
that have been indicated. 
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A NOTE ON THE CIRCULAR RESPONSE HYPOTHESIS 


WAYNE DENNIS 
Brooklyn College 


Perhaps no visual aid has been more 
widely reproduced in psychological text- 
books than a diagram by F. H. Allport 
which appears in his Social Psychology 
(1924). It illustrates the fact that when 
a child speaks his voice normally stimu- 
lates his own ears, Allport proposes 
that by virtue of this fact an associa- 
tion is formed between the hearing of a 
sound and the utterance of this sound 
by the child. This principle, usually 
called the circular response hypothesis, 
is employed to account for self-imita- 
tion (repetition of one’s own acts), imi- 
tation of Others, and sympathetic re- 
Sponses. The principle is not limited to 
Vocal responses but applies wherever a 
response causes stimulation of the re- 
sponding organism, The circular re- 
sponse hypothesis is frequently assigned 


(26, p. 228), and Stagner and Karwoski 
(28, p. 341), 


Sometimes attributed to Baldwin (3, 

Among the authors who credit All- 
port or Baldwin with the origin of the 
theory are Curti (11, P. 258), Folsom 
), and Merry and Merry (23, 


The aim of the present Paper is to 
call attention to the fact that the theory 


is an old one. It is an heirloom ar 
rived from our associationistic heritage, 
redecorated to give it a modern aira " 

Nowadays the theory is usually F p 
in terms of conditioning. This fa t 
leads to the impression that the concep 
arose from conditioned response oe 
In fact, the earliest description 0 hie 
circular response hypothesis is two 
turies old. It was clearly stated 
Hartley in 1749, a, 

Hartley's application of the principle 
to infant speech reads as follows: 


ac- 

I will, in the next place, give a oe to 
count of the manner in which we tie 
speak . . . Suppose now the muscles 0 ticulate 
to act... It is evident that an ‘il some- 
sound, or one approaching thereto, w. ction 0 
times be produced by this conjoint a ue an 
the muscles of the trunk, larynx, tonsa in- 
lips; and that both the articulate and recur- 
articulate one will often recur from the After 
rence of the same accidental causes. ber 0 
they have recurred a sufficient ET bas 
times, the impression which these ean ear 
ticulate and inarticulate, make upon (for 
will become an associated eircumstanc the 
the child always hears himself speak rent to 
same time he exerts the action) he it is 
Produce a repetition of them. And pie an 
that children repeat the same sounds Ompres 
over again for many successions, the citing 2 
sion of the last sound upon the ear re tired 
fresh one and so on till the organs 
(15, p. 109), 


sociple 
i 
He noted also that the same Prati a ; 
provides a basis for verbal imi 


at- 
It follows, therefore, that if any of ane to 
tendants make any of the sounds Haan 
the child, he will be excited by this imp Ss 
Considered as an associated circumstance, 
return it (15, p. 109). 


ave 
A few pages further on, Hartley A 3 
a more general account of the orig 
imitation in children: Hg: 
* ani 
They see the actions of their own i im- 
and hear themselves pronounce, hence 
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eae made by themselves on their own 
Em and ears become associated circumstances, 
a consequently must, in due time, excite to 
a repetition of the actions. Hence, like im- 
eae made on their eyes and ears by 
wards will have the same effect; or in other 
aie aes will learn to imitate the actions 
h ey see, and the sounds which they 
ear (p. 111). 


A Tn another place Hartley applied his 
octrine of association to the origin of 
Sympathy: 


Ta this in children seems to be grounded 
files pout associations as the appearance and 
expitts any kind of misery which they have 
tween need se because the connection be- 
infliction adjuncts of pain and the actual 
Broken ` or it has not yet been sufficiently 

y experience as in adults (p. 487). 


ateri immediate successors in the 
hay ish association school seem not to 
bret written concerning this hypothesis, 
onl ably because they were interested 
ae in the association of ideas and 
mént not interested in muscular move- 
süre i While it is difficult to make 
state at one has not overlooked some 
REA in the extensive works of the 
find aoa we have been able to 
iB eferences to circular reactions only 
ee (10) adii Bain (2). 
ee reference in Thomas Brown, 
con se work was first published in 1820, 
é cerns only sympathy and is not very 
xplicit, Brown said: 


Ty of the phenomena of sympathy, I 
which ittle doubt, are referable to the laws to 
of sy we have traced the common phenomena 
si oon or association. It may be con- 
very ] as a necessary consequence of these 
mos AWS that the sight of any of the com- 
to u symbols of internal feeling, should recall 
S the feeling itself . . . (10, P. 106). 


a doubt some of the “common sym- 
fa of internal feelings” referred to by 
A ait are responses made by a person 
a which the person himself can 
ete as crying, shrinking, and 
clud ing. If Brown intended to 1- 
e such “symbols,” then he stated 
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the circular hypothesis, but only with 
special reference to sympathy. 

Bain, whose Senses and the Intellect 
first appeared in 1855, was specifically 
concerned with the circular response 
hypothesis in connection with the de- 
velopment of verbal imitation. Bain 
stated: 


The sound spoken is also heard; besides the 
vocal exertion there is a coincident impression 
on the ear; an association grows up between 
the exertion and the sensation, and, after a 
sufficient time, the one is able to recall the 
other. The sensation, anyhow occurring, brings 
on the exertion; and when by some other per- 
son’s repeating the syllable, the familiar sound 
is heard, the corresponding vocal act will fol- 
low (2, p. 415). 


The wording here is reminiscent of 
Hartley. Bain was, of course, familiar 
with this writer, but possibly had over- 
looked or forgotten Hartley’s discussion 
of what is here called the circular re- 
sponse hypothesis. Since Bain made no 
reference to Hartley or to anyone else 
in this connection, it may be that he 
developed this idea independently. 

In surveying the history of the hy- 
pothesis under consideration, we come 
next to Baldwin. Prior to Baldwin the 
concept under discussion had received 
no name. Baldwin originated the term 
“circular response” and the term has 
stuck. However, “circular response” as 
used by Baldwin did not have the lim- 
ited meaning that it has at the present 
time. Baldwin at times used it in its 
present significance, put in addition he 
used it to refer to other very diverse 


phenomena. i 
Among Baldwin’s statements 1S the 
‘he child who has learned 


following: “T 5 
to make a sound, then makes it by as- 


sociation whenever he hears it” (3, p- 
284). Other such statements can be 
found in Baldwin’s writings. He de- 
nied that this was an original proposal, 
saying: “I know that this is a wide- 
spread view” (3, p. 284). It is inter- 
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esting to note that whereas he stated 
this view, he criticized the notion that 
this type of association is sufficient to 
account for the learning of language, 
stating that in order to learn language 
the child must develop a tendency to 
imitate all sounds (3, D 284), not 
merely a tendency to imitate those 
which are already in his repertoire. 

We turn next to Stout, In discussing 
the child’s imitation, Stout in 1903 (30, 
p. 82) made the brief Statement that 
imitation Presupposes a motor associa- 
tion between the perception of the act 
to be imitated and the more or less simi- 
lar movements that the child has al- 
ready learned to perform. “Hence, the 
more he has already learned to do, the 
more he can do in the way of imitation 


terev’s General Principles of Human 
Refiexology (5, p. 209). 


H. C. Brown (9) stated the hypothe- 
sis briefly in 1916; he credited Bech- 
terev with the idea. 

By 1920, conditioning principles were 
well-known in America, and were widely 
applied as explanations in various fields. 
Between 1920 and 1930 several instances 
of the derivation of the circular response 
hypothesis from conditioning concepts 


WAYNE DENNIS 


can be cited. Most of these seem to 
have been independently derived. 

First among the recent rediscoverers 
was Humphrey (17, 18). His formal 
statement is as follows: “Imitative ac- 
tion may be defined as action involving 
a conditioned reflex, the secondary 
stimulus of which is similar to the re- 
action” (17, p. 5). He indicates that 
the child’s own responses are sufficient 
to set up such conditioning. Humphrey 
Was acquainted with Baldwin’s concept 
of “circular reaction” and proceeded to 
show that it is not identical with the 
conditioning theory. This is quite true, 
as we have shown above, but Humph- 
rey seems not to have noticed that al- 
though Baldwin sometimes used the 
term “circular response” to mean some- 
thing different from what it means to- 
day, nevertheless Baldwin was ac- 
quainted with the idea that responses 
may become associated with their ne 
Sensory effects, and, in fact, spoke o 
this idea as a “wide-spread view. 

The first appearance of the circular 
response hypothesis in an American 
textbook occurred in Smith and Guth- 
tie’s General Psychology in Terms of 
Behavior, which was first published in 
1921. These authors wrote: 


Practically all imitative behavior is made 
up of conditioned responses. 1) e The mee 
pendence of imitation on learning is well il- 
lustrated by language acquisition , , , sounds 


- + - accompany the movements that produce 
them and, because the 


when uttered by 
the baby (27, 


Smith and Guthrie did not indicate . 
whether or not they were acquainted 
with presentations Of this idea on the 
part of others. 

The first German edition f ? 
Growth of the Mind also a 
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1921, 
ciN = a referred to the circular 
ited į eory of imitation and cred- 


i Eh Baldwin (20, p. 310). = 
count ay in 1923, gave a concise 
ems of re of vocal imitation in 
Without an ociation. Since he did so 
We ate fee citation of previous writers, 
Considered ps doubt as to whether he 
Etter of at this hypothesis was a 
PSYcholoe: common knowledge among 
gists or whether he believed 


him 
self : 
Dosa], to be making an original pro- 


ac 


Ny 
chops CoO edition of Stern’s Psy- 
oa Early Childhood appeared 
1924, I n in 1923 and in English in 
described. this edition Stern (29, p- 91) 
Mitation the circular response theory of 
S Ske and ascribed it to Baldwin. 
Tesseq ashe earlier, Allport (1) 
Mse yer he concept of the circular re- 
SYcholog, completely in his Social 
Dlieg 92289 Published in 1924. He ap- 
taj. É to language acquisition, to imi- 


tion 
: a 
that h nd to sympathy. Allport states 


exp 
S 


aaa 
i y, T at this theory independ- 
Shed he before his book was pub- 
Stat came across the comparable 


em 
does nett by Smith and Guthrie. He 


SS Not 
Origi appear to have known of other 
Bins, 


Iti 
of 8 clear that Holt’s discussion (16) 


Cir 
tracte cular responses, which has at- 
Ve fie attention, had an exten- 
torical background. Of this, 


Certain Philosopher-psychologist, was 
Credit x somewhat aware. He gave 
(3), Bo earlier discussions by Baldwin 
but Bi = (6), and Humphrey (18), 
r Baj id not mention Hartley, Brown, 
's hae Holt’s use of this principle 
Boing th more extensive and thorough- 
Sorg >, an that of any of his predeces- 
this’ and his ambitious attempt to use 
°f hum: other concepts to show that all 
It Dro an behavior is learned, whether 
8 ves to be convincing or not, de- 


tveg x 
teiveq the attention which it has re- 
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The foregoing account is sufficient to 
indicate that the circular response hy- 
pothesis of iteration, imitation, and 
sympathy has a long history, and that 
it has probably had several independent 
origins. It remains to be noted that it 
has never been subjected to an experi- 
mental test. Can it be tested? We are 
not sure. Perhaps, in the hands of some 
ingenious experimenter, it can become 
a testable hypothesis. But its presence 
in psychology is due, not to research, 
but to the recurrence of associationistic 
thought in psychology- It is interesting 
that an arm chair hypothesis, two hun- 
dred years old, which has never been 
tested nevertheless continues to find a 
secure place in our textbooks. Perhaps 
its recent affiliation with C-R theory 
has tended to give it respectability. It 
is likely, too, that it continues not only 
because it has been recast in C-R terms 
but also because no rival theory has 
arisen to contest its place. At any rate, 
it provides an interesting example of 
the perseveration of unsupported theory 
in a field which prides itself upon its 
empiricism. 

To summarize, many authors have 
made use of the hypothesis that itera- 
tion, imitation, and sympathy arise be- 
cause a response necessarily becomes 
associated with its own sensory conse- 
quences. We have shown that priority 
for this hypothesis belongs to Hartley, . 
who clearly stated it in 1749. The same 
hypothesis seems to have been devel- 
oped independently by several other 


writers, including Bain, Humphrey, 
Smith and Guthrie, McDougall, and 
Allport. Although this hypothesis 1S 


ted, no experimental test 
to have been attempted. 
urveyed seem to justify 
the conclusions that psychologists, even 
eminent ones, have been poorly in- 
formed concerning their predecessors’ 
treatments of the circular response hy- 
pothesis; and that an untested theory, 


widely accep 
of it seems ever 
The facts just s 
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which has plausibility to support it, can 
still find a place in psychological text- 
books. 
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THE SCIENCE OF PERSONALITY: NOMOTHETIC! 


H. J. EYSENCK 
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a. cleavage (or perhaps cleft would 
€ss emotionally charged term) be- 
a, the nomothetic and idiographic 
is e to the study of personality 
in oe as Beck (2) has pointed out 
tings Sapa Paper on this subject, “a 
Maton and vigorously debated issue 
ce psychology today.” It follows 
and pared serious attempt to reconcile 
should these two opposing views 
and sh i given a sympathetic hearing, 
on ould be attentively studied by all 
ality ned with the concept of person- 
Bent ton perusal of Beck’s pro- 
ae owever, has brought to light 
or ale this writer to be a num- 
en 2 lacies that appear to make his 
an i at reconciliation less appealing 
ir might appear at first sight. 
st, let us be clear about the mean- 


n 
kone the words used. As is well 
Philoso they were introduced by the 


Opher Windelband (14) as yet 
tiro set of terms to distinguish the 
etic) ssenschaftliche (scientific, nomo- 
ftom eT _of studying psychology 
nisti e geisteswissenschaftliche (hu- 
(1) oat idiographic) manner. Allport 
Concepts One of the first to bring the 
Psychol into use in Anglo-American 
fates tt and his exposition clearly 
ords €s the meaning attaching to the 
a a nomothetic” and “idiographic.” 
ay r [sciences] . . . seek only 
Oced aws and employ only those 
Nees ures admitted by the exact sci- 
Such ao ie The idiographic sciences, 
tur, 2S history, biography, and litera- 
Understs the other hand, endeavor to 
ture tand some particular event in na- 
Makec : in society.” This quotation 
to fi it clear how difficult it would be 
|i these two points of view; 
Ure, even if called a “science” by 

339 


Noth, 


Maudsley Hospital 


Allport (it would be interesting to know 
the justification for this curious appel- 
lation, probably equally repugnant to 
writers as to scientists), does not lie 
down easily with psychometrics. Beck 
has cut the Gordian knot by disowning 
“idiography” completely, and by re- 
christening a part of the nomothetic 
field “idiographic.” A brief quotation 
from his paper will substantiate this 
argument. 


. . . let it be noted that, so far as concerns 
the basic procedures of scientific method, the 
two methods have everything in common. 
They both have recourse to observation and 
to experiment. They analyze and resynthesize 
data. They draw inferences that follow the 
usual canons of logic, both inductive and de- 
ductive. These are the foundational approaches 
to scientific method (2, p. 253). 


This is certainly an appealing picture, 
but it bears no relation to Windelband’s 
or Allport’s definition of these terms. 
Beck has in effect surrendered the castle 
of idiographic beliefs; he has given up 
the basic proposition that idiographic 
procedures are founded on the view that 
what he calls the “basic procedures of 
scientific method” are inapplicable to 
personality research. 

Having thus emptied the term of its 
usual, and very useful, meaning, he in- 
vests it with an entirely new content. 
Quite arbitrarily, Beck divides the cus- 
tomary type of nomothetic research into 
two separate steps, one of which he calls 
nomothetic, the other idiographic. As 
far as can be deduced from his paper, 
it would appear that the measurement 
of isolated traits, such as bravery, or 
pride, or sense of humor, is to be re- 
garded as nomothetic; it becomes idio- 
graphic when we “ask about any person 
how much bravery does he have, and 
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coolness, and pride, and sense of humor, 
and other variables that fuse into char- 
acter” (2, p. 253). Nothing here of 
the complete and total rejection of such 
nomothetic concepts as traits, which is 
the main characteristic of the tradi- 
tional idiographic attitude; instead, we 
find that when we study traits in com- 
bination, we are no longer doing nomo- 
thetic research, but idiographic! Hav- 
ing throughout his professional life 
studied traits in combination, having 
always paid particular attention to the 
ways in which they interact, modify 
each other, and, through their interac- 
tion, “ [bring] about the total behavior 
which we identify as a particular per- 
sonality” (2, p. 254), the present 
writer notes with surprise that instead 
of being a hard-bitten nomothetical psy- 
chologist, he has in fact always acted on 
idiographic principles. The reader may 
recall Molière’s Monsieur J ourdain, who 
discovered late in life that he had al- 
ways been speaking prose! 
Bewilderment becomes complete when 
we hear that factor analysis is recom- 
mended as a favorite method of this 
“new look” idiography. According to 


Beck: “A universe of traits, variables 


in mutual interplay, affecting one an- 
oth 


er, these are the individual. This is 
the task which the idiographic method 
undertakes. The specific technique de- 


vised to test out the findings in this 
kind of universe is that associated with 
Stephenson—t 


he Q technique” (2, p. 
Beck is apparently referring to 
the method of intercorrelating persons, 
introduced by Thomson and Bailes 
(13), and factor-analyzing the result- 
ing matrix of intercorrelations, intro- 
duced by Beebe-Center (3). (Others 
who have some claim to have introduced 
this method are Burt [4, 5], Thomson 
[12], and Stern {11].) This gives us 
a specific example to illustrate our con- 
tention that Beck’s “Gdiography” is 
nothing but the old-fashioned nomo- 
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thetic method dressed up in slightly 
different clothing. 

By giving preference to the meimo 
of “correlating persons” over the usua 
method of “correlating tests,” and by 
implying that the former is better 
suited to the demands of personality re- 
search, Beck is clearly adopting the 
view that these two procedures give dif- 
ferent results. It is obvious that if re- 
sults of two methods are identical, or 
convertible into one another by some 
simple mathematical formula, then He 
not possible to describe the one as “the 
specific technique” for testing apone 
ses of a certain kind as contrasted pa 
the other. Now Burt (6) and Catte 
(7) have discussed this question of con- 
vertibility in detail, and there appears 
to be no doubt that, statistically, fac- 
tors derived from the intercorrelations 
between persons (Q technique) are 
transposable from factors derived from 
intercorrelations between tests (R tech- 
nique). As Cattell (7) points out: 


The belief of some users of Q technique thar 
it is fundamentally different from its SE 
pose technique—R—and, indeed, a method $ > 
generis, has so far been most exhaustively ae 
tistically examined and refuted by Sir a 
Burt... . In the writer’s experience Nas 
sional statisticians take the position that See 
is no doubt about the transposability of ae 
tors from a double-centered score ma ey 
though there may be doubt about Bald ae 
relation under other and special sonaa 4 
-.. R and Q techniques normally . . a ‘a 
without double centering) have the comp! i 
ness of their transposability slightly restric a 
by some inevitable mutual losses of informa 
tion. The losses which then occur are (a) a 
the variance of the first factor (or in soie 
conditions the first two) and (b) of the spe 
cific factors... (7, pp. 506-507). 


The rest of Cattell’s paper should be 
carefully studied to enable the relevance 
of this loss to be evaluated in relation 
to the question at issue; the conclusion 
the present writer has come to inde- 
pendently of Cattell’s review (cf. 9) 
agrees completely with Cattell’s assess- 
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_ as well as with that of Burt, in 
he ering the Q sort a very question- 
a procedure from the statistical point 
Pore’ which at best simply duplicates 
gen more easily and safely 
thes y R technique. Beck no- 
Rens ee the far-reaching criti- 
ider e of Q technique, nor does he 
uce the identity of factors pro- 
Bains Ka analyzing a matrix or its 
ae in view of the practically 
judge he verdict of those qualified to 
must e cor issues involved, we 
y bi clude that the method favored 

m produces, at best, factors also 


‘Pro 
duced by the arch-nomothetic pro- 


ce 
ae correlating tests, while at 
fallacies as beset by so many statistical 
Beck as to make results meaningless. 
y him refers to some results obtained 
Says: i with the use of this method; he 
YS: “We have succeeded in . . - iso- 
ng six schi : 
terns, Th Sg: Lizophrenic reaction pat- 
Patterns at is, we are describing six 
iffer fr within this disease group that 
S he aoe one another” (2, p. 358)- 
eae not give any details, it is 
With th sible to compare his patterns 
by ys found along traditional lines 
(15). - Moore (10), or by Wittenborn 
tithe Sven comparability of popula- 
there Used, it may be predicted that 
re tip be considerable similarity. 
Wh <a it is difficult to see precisely 
“wpposed contribution the Q method is 
result ; A make, or in what way the 
alike A idiographic”; method and aim 
they: € the stock in trade of the nomo- 
th lC Psychologi a a 
Sissies q ogist. Having discusse 
per} es involved at length, with full 
May Mental documentation, the writer 
perh ; $ 
terested aps be allowed to refer the in- 
toy 1 reader elsewhere (9). We may 
Sut oe our conclusion. Beck has set 
Rtaphie concile and integrate the idio- 
a OF nomothetic approaches. In- 
itio, 0f Using these terms in their tra- 
sense, however, he has throw? 
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overboard completely the idiographic 
conception, and has instead rechristened 
part of the traditional nomothetic pro- 
cedure as “idiographic.” Renaming dif- 
ferent approaches in this arbitrary fash- 
ion merely sows seeds of semantic con- 
fusion; it does not contribute to the 
rapprochement desired by Beck. The 
scientific and the literary views of per- 
sonality are still as different and as op- 
posed to each other as ever, and the 
only valid conclusion to be drawn from 
Beck’s paper and his implicit with- 
drawal from the idiographic position is 
that suggested in the title of this ar- 
ticle: the science of personality must by 
its very nature be nomothetic. This is 
the conclusion to which the writer was 
led after an extensive examination of 
the arguments and experiments adduced 
by many writers in this field (8), and 
Beck’s contribution has strengthened, 
rather than weakened, belief in the es- 
sential correctness of this view. 


REFERENCES 


Personality. A psycho- 


1, Arzrort, G. W. 
London: Con- 


logical interpretation. 
stable, 1938. 

2. Beck, S. J. The science of personality: 
nomothetic or idiographic? Psychol. 
Rev., 1953, 60, 353-359. 

3. BEEBE-CENTER, J. B: Pleasantness and 
unpleasantness. New York: Century, 
1933. 

4. Burt, C. L. The 
tween the sexes. 


1, 273-284. 
5. Burt, C. L. The distribution and rela- 


tions of educational abilities. London: 
p, S. King, 1917. 


mental differences be- 
J. exp. Pedag., 1912, 


6. Burt, C. L. Correlations between per- 
sons. Brit. J. Psychol., 1937, 28, 59- 
96. 


. The three basic factor- 
analytic research designs—their interre- 
lations and derivatives. Psychol. Bull., 
1952, 49, 499-520. 

8. EysENCK, H. J. The scientific study of 
personality. London: Routledge & 
Kegan Paul, 1952. 


7, CATTELL, R. B 


342 


9. Eysencx, H. J. The structure of human 
personality. London: Methuen, 1953. 
10. Moore, T. V. The essential psychoses 
and their fundamental syndromes. Stud. 
Psychol. Psychiat., 1933, 3, 128. 
11. Stern, W.  Differentielle psychologie. 
Leipzig: Barth, 1911, 
12, Tuomson, G. H. The factorial analysis 
of human ability. London: Univer. of 
London Press, 1948. 


H. J. Eysencx 


13. Tomson, G. H., & Bares, S. The reli- 
ability of essay marks. For. Educ, 
1926, 4, 85-91. 

14. WinoerBAaND, W. Geschichte und Natur- 
wissenschaft (3rd Ed.) Strasburg: 
Heitz, 1904. 

15. Wirtenzory, J. R. Symptom patterns in 
a group of mental hospital patients. J. 
consult. Psychol., 1951, 15, 290-302. 


(Received January 8, 1954) 


Psychological Ri 
Vol. 61, No. 51954 


SIDESTEPS TOWARD A NONSPECIAL THEORY * 


EDGAR F. BORGATTA 


Harvard University 


4 pe estas man has seen himself in 
z mee die not recognizing himself, 
Sond Pe himself before he under- 
ie ee he was doing.2 As a result, 
oe A ormation has been validated in 
e uenis in contradiction to the 
munite moral and religious, of his com- 
Stated th While the good books have 
OF and man should love his neigh- 
scientist is brother, the nascent social 
ales have been accumulating data 
actions ing what man is and what his 
tion a, This eking out of informa- 
tinued ile replete with error, has con- 
Proachi and appears finally to be ap- 

Sim ng a scientific footing. 
i i studies of man merely record 
toad ‘ie and blandly state that the 
teatise survival is in their removal. 
icts hes social problems, social con- 
aie ee etc. are often no better. 
hich he in the study of man 
ich prove most useful are those 
olume each further and further back. 
itions S which name maladies and con- 
tain th are of little help. We are cer- 
erms at men are not perfect, and that 
sick Are as neurotic personality or 
Should ciety are apt, but these namings 
Not lull us into feeling we W- 


1 
(è 
So mon aeues and friends have contributed in 
theo one se to the development of this 
ae it is not possible to credit them 
ar Sidesteps was added to the 
o title because it was felt that where 
at least ge encompass an important area, We 
oni can, eal with it tangentially. Essentially, 
2 Ay Not move toward a theory. 
foung interesting analysis of this is to be 
Utotia in Karl Mannheim’s Ideology and 
ialectie D: This is an extension of Marxian 
the are, analysis applied to history and is in 
enreta a et knowledge. Other 
gobert KS are found in the work of 
Merton, Talcott Parsons, Max 


ele: 
t, and Pitirim Sorokin. 


audivia 
Tging 
We 


derstand man better.* It is a simple 
statement to make: “If all men were 
better, this would be a better world.” 
And yet, it is a ridiculous one. If all 
men were better, who knows what it 
would mean, and what was better? At 
the same time, however, these very 
writers do a great scientific service as 
they focus on certain special problems 
of developmental or of historical cir- 
cumstances. Thus, Erich Fromm (2) 
has focused on the changes or sources 
of security in the transition of extended 
family to small family, of closed com- 
munity to open community. Such a 
special focus aids in the understanding 
of some current variation, but more 
fundamental questions remain unan- 
swered. Similarly, the developing theory 
(which is again a special theory focus- 
ing on the contemporary situation) of 
vertical, diagonal, and sideways mo- 
bility, while useful, leaves the important 
ched. Again, other at- 
n made which are of a 
nonspecial nature, but these have been 
frequently tangential to the develop- 
ment of explanatory concepts; in par- 
ticular, they have dealt with descrip- 
tion of system, the establishment of 
frames of reference, Or the specifica- 
tion of system-model-structural-func- 


tional f rameworks.* 


3 Texts by popular writers of psychiatric 
interpretations such as Karen Horney, Robert 
Lindner, Theodor Reik, and others tend to do 
this very thing. 

4In this connection, probably the most im- 
ant attempt has been the development of 
the General Theory of Equilibrium. This 
theory states that for a given system com- 
posed of two or more elements, the average 
performance of the elements may be assessed. 
Then, it will be found that the performance 
of the individual elements may be specified as 
a direct function of their distance from the 


questions untou 
tempts have bee 


port: 
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Tue THEORY or Deumbilification: AN 
INTEGRATION TOWARD A Non- 
SPECIAL THEORY 


Today, whenever one speaks of in- 
stincts, the academicians raise their 
noses. There is dissatisfaction with the 
concept, at least when applied to the 
human level, and this is justified in ex- 
perience. An instinct is usually defined 
as complex unlearned behavior which 
arises without manifest practice, and it 
is evident that the study of man has 
shown time and time again that behav- 
iors which were considered instinctive 
were not to be found in certain groups, 
or could easily be modified or prevented 
from arising. Thus, another illusion or 
explanation was lost; it was of no pur- 
pose to name a mystical force in man, 
and then explain by it. The mystical 
force just did not exist, However, re- 
flexes, very simple automatic responses, 
are found. These mechanisms are 
studied by Psychologists and physiolo- 
gists, and the concept of the reflex 


average performance, Further, if the direc- 
tion of difference is maintained, the sum of the 
differences will total to zero. In no case will 
it be negative. The beauty of this theory is 
that it has filted all Sets of data to which it 
has been applied, irrespective of the sizes in- 
volved and irrespective of the type of distribu- 
tion involved. The shortcoming of the theory 
is that while it is excellent for the description 
in the immediate, that is, the structural de- 
scription, it does not take into account the 
sequence of structural descriptions which are 
the ongoing structural functional reality. 
Recently, a mathematical model has been 
Proposed for this theory. If the set of ele- 
ments are called x, that is, x, x1, x2, and so 
on, and there are n such elements, then the 
expression for the sum of these can be stated 
ast Brr, The average of these elements can 


be computed by dividing through the entire 

expression by 7, since there are n such items. 

The expression then becomes: 1/nEx,. (Sev- 
“ 


eral steps are skipped here to simplify the ex- 
pression.) A forthcoming paper will deal with 
this mathematical model, its extensions includ- 
ing the computation of the deviation from the 
mean, and possible applications to social sci- 
ence. 
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has withstood scrutiny. Similarly, the 
drive, the generalized and diffuse ach 
tivity in the given direction, has with- 
stood the scrutiny of academicians. 
The more complex and specific term, 
“motive,” however, is often suspect, and 
is receiving much attention in psychol- 
ogy at the present time. 

If we have two acceptable concepts, 
reflexes and drives, what can be done 
with them? If behavior at the com- 
plex level occurs and is not instinctive, 
what explanations are satisfactory? Ob- 
viously, there must be some process of 
organization in the organism, not only 
physiological but also at the manifest 
level which we call mental. In this 
field, two other concepts, maturation 
and learning-training are considered le 
gitimate in terms of the logico-empirica 
theory. Thus, we have a concept of de- 
velopment for man which begins in the 
fertilization of the ovum; the fertile 
ovum is fed and nourished in the womb, 
developing and becoming differentiate 
as an organism, prepared for some 
stimuli with some reflexes, and pre- 
pared to alert his older fellows to bis 
drives by these reflexes. As we con- 
ceive it, the embryo is ready to learn as 
soon as it has established any behavior 
pattern. The one underlying mecha- 
nism of training, conditioning, is phylo- 
genetically validated. Thus, we may 
conceive of the embryo in the womb as 
capable of learning. In utero, the or- 
ganism is not subject to all types of 
stimuli, but certain facts are well estab- 
lished. The infant may be felt moving 
by the mother in the third month, s0 
that it is well known that it begins ex- 
ercising early in life, But aside from 
this, from pregnancy wastage, experi- 
menters have found that the organism 
may respond to various forms of stimu- 
lation long _ before births The one 
source of stimulation to which the or- 
ganism definitely responds early in the 


5 The literature in this area 


viewed carefully by Carmi; caa has been re- 


a). 


KS 
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Womb 1j a 
pet is tactile stimulation. We 
detlies this and it is the thesis that un- 
aan the child learns, 
Seneraliz f learning may be small and 
Ta , in the womb. 
Most to E aoe probably has done 
terning a ain the important facts con- 
eer, aa’ but even he, being a pio- 
tuition, W not drive his analysis tO 
Complete t} : do not claim to present a 
a Panacea oS here, and certainly not 
man, but for curing the problems of 
Nitely hrei do feel that we are defi- 
riers and aking through previous bar- 
anner e in a more scientifc 
ny Work started by Freud. 
that Pos student will see that all 
What a wrote is not acceptable. 
at > like in Freud is his approach, 
Which ing to find those situations 
ave a re early and which might wel 
ee to "Jo with the per- 
of on. people, and for that matter, 
Teudia es. Thus, instinct aspects ° 
aintain theory we do not need to 
are in minere, Similarly, concepts which 
SUpere espects pedagogical, such as the 
„Perego, the ego, and the id, may be 


ismi ] 
H ssed as superfluous in this context. 
T dis 


Ror in doing this have we 
d Freud? We have not, in fact, 
‘S Significant contributions have to 
espong the development of patterns © 
Stim, nse, and reaction tO the absence ° 
Po ulation when the patterns of re- 
nse are established. 
Ral, bably the most sign 
eny oped by Freud is t 
one The concept is °” 
rie evelopment of aD 
ean eS on the part of females 28 irec- 
am, ei n sight oF jndirec 
tion. either through SiSMY e the €x- 
n, that they do P t havi 
ernal $ y, The 
faran genitali the 7 
areness itself is 47 


do w 


ificant concept 
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students (Adler). But what of the 
male? Is there a parallel situation for 
the male? Except for the facetious 
proposals of a few feminists who have 
stated that the male develops an aware- 
ness of lacking in not being able to 
bear a child, no serious suggestion has 
been brought forth. Why, then, is the 
male so closely associated with conflict? 
It is at this point that we must develop 
a theory which is nonspecial. In this, 
credit is due to Alfred Adler, whose 
emphasis on aspects of inferiority an 

superiority indirectly led to the dis- 
covery: 

Often it is possible to overlook the 
obvious. Sex, as a root of problems, 
has been noted in the literature through- 
out the ages. But it took Freud to 
pring the obvious to the attention of 
the serious student! The scholar should 
not be blamed entirely, however, for re- 
pression and suppression are now known 
to account for much of this. Let us 
r last sentence once again and 
note the words repression and suppres- 
it not be possible that 
some source area of inferiority feelings 

pletely repressed that we ig- 


is so comfy pre at 
it, obvious as it is? This, in fact, 


s to be the case. 
d, Rank, and quite a few others 
have directed attention to the prenatal 
eriod. None noticed, however, that in 
the characteristic position, the knee to 
head position, the umbilical cord of the 
fetus ranges and rubs against the fetus. 
Proportionately it is a large object, 
soft; but omnipresent. It may be 
wrapped around the fetus, or it may be 
caressing his face as he rotates in the 
womb. In any event, it is with him for 
the duration of his stay in the womb 
and the fetus is in constant conii 
with the umbilical cord. This constant 
contact builds up expectation, through 
conditioning, of further contact. When 
the fetus loses the umbilical cord, an 
awareness of its absence is manifest. 
So far as is known, after parturition, 
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in all societies and peoples the umbili- 
cal cord is removed from the newborn, 
either by cutting, biting, or letting it 
atrophy, as it does, naturally. Jé is 
normal course for the newborn, among 
all peoples, to be deumbilificated. The 
absence of the umbilical cord, and the 
memory traces associated with it, are 
the underlying reasons for the inse- 
curity manifest in man. 

With this knowledge, then, many 
things become immediately obvious. 
The perpetual seeking for a better con- 
dition may quickly be associated di- 
rectly with the feeling of this inse- 
curity, the memory traces of the um- 
bilical cord being particularly awakened 
under given sets of circumstances, 
Similarly, anxiety and insecurity may 
be seen as the Sources underlying ag- 
gression, and the expectation of these 
which are built into the very nature of 
man in his Ontogeny explains the in- 
variant history of conflict and warfare. 
But why should the association be with 
men? Obviously the association is 
again one which js determined in the 
situational development in the physio- 
logical context, Because of the differ- 
ences implicit in the existence of the 
external genitalia, the additional feeling 
of insecurity (or inferiority) results in 
the ordinary suppression of aggression, 
so that females tend to be aggressive 


only in the more devious and protected 
ways, 


tion of being gravid and the dependence 
implied during gestation predispose for 
the development of More devious out- 
lets for aggression among the females. 
One of these forms, of course, is the 
creation of conflict among others, and 
by quite natural grouping, among men. 
Thus, the Organization of society may 
be expected in Most cases to dispose 
toward conflict among men rather than 
among women, and this is a fact well 
verified in anthropological research. Ob- 


versely, males, having the external geni- 
talia, occasionally supersede the feeling 
of insecurity by emphasizing the sur- 
rogate. The penis may serve in some 
cases as the umbilical cord surrogate. 
The memory traces, however, are not 
removed, and the constant presence of 
aggression leading to conflict and war- 
fare is evident, The surrogate, the 
penis, leads to exhibitionism (as previ- 
ously noted by Freud), and it is for 
this reason that we have the strong as- 
sociation among peoples of cults of 
beauty (almost Synonymous with man- 
hood), dancing, singing, expression in 
the artistic forms, and even the deities, 
with the male. A concept such as 
castration complex develops naturally 
with conditions associated with the 
Positively re-enforced behavior. 

We will not press the universality of 
the observations made here. However, 
consider the tremendous repression of 
umbilical reference in our society alone. 
There is no known profanity with an 
umbilical reference! No other ordi- 
narily repressed or controlled area is 
this fully repressed. F 

On the side of symbolism, all socie- 
ties are familiar, though they refuse to 
recognize them as such, with umbilical 
symbols. In many cases umbilical sym- 
bols such as the snake, the coiled snake, 
macaroni, and many others, have been 
identified erroneously as phallic sym- 
bols. A prime example is the identifi- 
cation of the male figure on the cover 
of the telephone directory as the para- 
gon of phallicism when most obviously 
it is the epitome of umbilicalism. 

On the side of behavior implicating 
memory traces and direct expression we 
have examples too numerous for de- 
tailed presentation. Consider the child’s 
play with the umbilicus, or the religious 
example of Buddha contemplating his 
navel. Of particular interest is the 
universality of pleasure associated with 
caressing, and in particular, nuzzling 
which are forms simulating the caressing 


a 
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of of 
ig cal cord. Nuzzling, it 
to ot has been demonstrated 
ehavior tough the phyla, while such 
as been E kissing, nose rubbing, etc. 
in some h emonstrated to occur only 
while se human communities. Further, 
Pleasure xual intercourse is universal, 
with it i not necessarily associated 
among : is seen from frigidity studies 
among papie, and passivity studies 
ie nales in various species. 
cate hen of this brief paper is to 
honspecial i the development of the 
nated an theory has already elimi- 
it Fee oe theory and replaced 
Or contrib accurate description. A ma- 
eory of ution of Otto Rank was his 
tially st birth trauma, which essen- 
ties ry that generalized insecuri- 
ing of th e associated with the leav- 
filth a. womb, and in the pain and 
tion, Wi gore involved in the extrica- 
ck hile plausible, the situation did 
the Tar me clear until recently. First, 
ions a number of Caesarian opera- 
SPared Po bred a population largely 
Sentia] dif birth trauma,” but no es- 
een a erence has been reported be- 
US, th is group and normal births. 
to be e special theory is demonstrated 
aa erroneous, and evidence is pro- 
a is consistent with the non- 
Oss heory. It is evident that the 
of the umbilical cord is the trauma- 


Fortier DrveLopMENTS: 
Mammary ENVY 

i of the most immediate reactions 

theo presentation of the nonspecin 

Shi ty, which deals with the relation: 

char of deumbilification to repon 

in acteristics, was the proposal tha 


D fact t «ag source of order 
inp he underlying ule tö mammary 


ehavior * iputa 1 
e is attribu ities 
"vy. The initiating proponent writes 


I cannot develop the whole 
Band envy] in this note of t A 
cture, but I am sure that yon 
any implications Which can 
t plications 
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in varying degrees, always with and without 
breasts. The meaning of this fact for early 
infancy is obvious, but it has the greater 
value of adding the developmental dimension 
to Freud. He never adequately appreciated 
the mature years. The unsuccessful efforts 
which have been made to develop the anal- 
oral-genital sequence may now be replaced by 
more fundamental analysis. Your contribu- 
tion is a real breakthrough for me although 
closure is yet dimly perceived. I can sense, 
however, the enormous integrative power of 
a faintly conceived, pentagonal, three-dimen- 
sional paradigm ranging clockwise, and irre- 
versible, from umbilicus on through anal, oral, 
genital to mammary. 


The immediate reaction to the pro- 
posal was acceptance. This, however, 
did not prove fruitful. After consider- 
able empirical discussion and empirical 
thinking,’ it was discovered that certain 
consistencies and inconsistencies needed 
to be specified and accounted for. While 
there are feeding differences, On which 
a considerable amount has been writ- 
ten, implications of feeding are com- 
monly translated into love nurturance 
and other concepts designating affective 
ties. Rejection of this type of analysis 
became necessary- 

It is at this point that the cross-cul- 
tural approach became most useful.” 
Whole cultures differ in their feeding 
habits, and for this reason the person- 
ality complexes of individuals may be 
examined as a function of the feeding 
differences. In this way we found the 
clue of the relation of mammary envy 
to the nonspecial theory to lie in the 
family system of certain less mecha- 
nized cultures. Before introducing the 
datum from which we derived the clue 
we shall develop the relationship of per- 
son to breast. 

First, let us acknowledge that a non- 
breast-fed baby may have to learn cer- 


; 6 Empirical discussion and empirical think- 
ing are forms of research. Although not usu- 
ally presented in most methodology texts 
these research approaches have great Pratt 
nence in actual practice. 
A tae 
. This is another example of the fertility of 
interdisciplinary research. 
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tain of the modes of response in rela- 
tion to mammary envy through sec- 
ondary sources, through the intellect, 
or possibly, through the belated stimu- 
lation of physiologically (and phylo- 
genetically replicating) facilitated pat- 
terns.® 

Let us then consider the breast-fed 
baby. Breast feeding is temporally 
after the umbilical stage, and the onset 
is almost concomitant with deumbilifi- 
cation. The child is nestled comfort- 
ably with the mother, and it has access 
to the nipple and the thin milk. Nes- 
tling involves the rubbing of the face of 
the infant on the breast, and other tac- 
tile stimulation. The hands of the in- 
fant, usually closed, however, are not 
involved. The infant itself has no cog- 
nition of breasts of its own. These are 
basic facts. 

Among maturing girls in our society, 
there is some interest in the having of 
a reasonably ample bosom. A good 
point of reference in recognizing the 
passing into young womanhood is the 
development of the breast. Having the 
ample bosom is desirable, although the 
absence of it is not necessarily dis- 
astrous. In societies where breast feed- 
ing of babies is the usual thing, having 
an ample bosom may be one visible evi- 
dence of being able to nurture a family. 
Even up to recent times there has been 
some pride and but little shame associ- 
ated with publically nursing the young. 
Occasionally, the having of bosom has 
been considered as a negative value, but 
never in any serious sense. We have in 
our history, for example, the pencil 
silhouette and other styles which have 
tended to constrict or hide the bosom 
for the female. These perverse condi- 
tions, however, rarely persist. 


8 Walking, for example, is not described as 
instinctive. However, when the organism is 
matured sufficiently Physiologically, learning 
to walk may be almost instantaneous to the 
first trial. 
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Unlike the umbilicus, there is little 
repression associated with the breast. 
The breast has been exposed in paint- 
ing and sculpturing throughout history, 
and there is much reference to the 
breast in erotica. In American society 
of today the bosom is the constant point 
of attention for the more or less cheap 
pornography which is disseminated 
through Hollywood, pulp magazines, 
and other sources. 

Thus, we see that there is a consider- 
able importance attached to the bosom. 
Attention is of two kinds: first, in terms 
of the recognized function of nurturance 
of the young, and secondly, as an ob- 
ject of beauty and desirability. Now, 
we see that there can be such a thing as 
mammary envy between females in the 
naive sense that some females have and 
some haven’t the appendages, and those 
who haven’t may desire. However, this 
is not important. The important focus 
is in the possessing of breasts rather 
than in having them. We can immedi- 
ately look at our cross-cultural picture 
and get the entire information required 
for analysis of the role the breast plays. 
The clue to the importance of mammary 
envy came when it was noticed that in 
terms of Possessing breasts, there are 
differences and these differences basi- 
cally underly the familial patterns which 
are so varied throughout the world. 
Thus, in a polyandrous society the fe- 
male (as a daughter in the family) may’ 
be considered undesirable. However, 
desirability of the bosom is still evi- 
dent in the fact that two (or more) 
men, usually brothers, may share the 
female. It is interesting that other ani- 
mals may be highly prized in a poly- 
androus society, while females (who 
may be in a category with animals) 
may not be so prized. onogamy we 
consider as a more or less restrained 
approach, primarily associated with so- 
phisticated, highly developed, situc- 
tured society which must control its 
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tion is relatively unrestricted, cows and 
wives are both collected for their mam- 
mae, and cows may be preferred. 
What became evident in the terms of 
the nonspecial theory was that while 
mammary envy was not operating as an 
underlying source of motivation, it di 
operate as a reinforcement of the gen- 
eral insecurity feelings which existed. 
It was found that where there was con- 
trol of the collection of mammae, there 
was associated also a greater amount of 
insecurity, and this, of course, can 
easily be verified. We have already 
noted that in the polyandrous society 
people live at a subsistence level, and 
this, itself, is associated with a great 


deal of insecurity. Persons who possess 
many mammary glands are ordinarily 
those who have greatest security in 
terms of other forms of possessions as 

jety such as our own 


Even in a soc 
we find that possession of mammary 
glands is to some extent associated with 


being a secure person. Economically, 
it is only the wealthy man who can af- 
ford a mistress, or even an occasional 
replenishing of the allowable mammae 
by divorce and remarriage. In terms 
of adjustment security, we find that 
mental illness js associated with being 
an unmarried rather than being a mar- 
The fact that jt is a mat- 
ter of possession of mammary glands 
rather than the having of them is at- 
in that the mentally ill per- 


tested to in 
sons are more likely to be females than 


males. 
Before passing on to the next impor- 


tant reaction and further contribution 
to the nonspecial theory, let us just 
mention in passing that symbolism of 
mammary envy has been neglected to 
some degree, even though the emphasis 
on mammary, such as is noted in our 
own society, is quite prominent. Very 
few people, for example, have recog- 
nized the importance of mammary envy 
in their desire (projected) to conquer a 
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mountain. Consider the attention that 
climbing to the peak of Everest has 
brought upon two recent explorers. 


FURTHER DEVELOPMENTS: 
DIGITAL GRATIFICATION 


Another form of reaction to the non- 
special theory pointed to developments 
which are frequently associated today 
with fallacies in observation logic. If 
Freudian symbolism gives everything 
that is done phallic connotation, this 
detracts from the explanatory value of 
the phallic symbol. We have already 
indicated that there may be other items 
that have been grossly ignored. 

Probably the greatest contribution 
that has been made in the development 
of the nonspecial theory of umbilicalism 
is pointing to the fact that in the se- 
quence of umbilical to mammary there 
is concomitant another type of develop- 
ment which is again located strongly in 
the response to the environmental situa- 
tion. This is a factor of maturation de- 
velopment and learning-training, We 
have noted in presenting the material 
on mammary envy that the infant 
suckles but does not have the use of 
his hands. What is of considerable in- 
terest is that the facility with the hands 
is the things that characterizes humans. 
This has been recognized in terms of 
the thumb, or the enormous dexterity 
that the human has in comparison to 
other species, However, what is neg- 
lected is the fact that this is something 
that develops over a considerable pe- 
tiod of time and that dexterity is some- 
thing that grows almost with intelli- 
gence. 

What is most emphatic is that once 
again the emphasis on phallicism has 
probably obscured a great discovery. 
Most of the things which are associated 
with the penis are probably equally well 
associated with the fingers; that is, 
masturbation as a prime example of 
genital gratification is something that 
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is associated with the hand. The em- 
phasis has been so strong on the geni- 
talia that actually there has been com- 
plete neglect of the gratification which 
is received through the tactual stimula- 
tion in the hands, here called digital 
gratification. p 

That digital gratification is a reality 
is something that we state rather than 
argue. One of the first responses of the 
infant child is that when he can no 
longer possess the breast, its substitute 
will be the thumb, or the fingers, or the 
hand, and he will place this in the 
mouth. It is not that the child gets 
gratification from sucking the thumb 
but that the child gets gratification in 
having his thumb in his mouth. J¢ is 
through the thumb that the child feels 
as well as through the mouth. 

That gratification is received through 
the digits is seen in the myriad ways in 
which caressing is manifest. Caressing 
may be self-directed, or it may be ca- 
ressing of others. The same person may 
indulge in both, The common ground 
is that the person caresses, and it 1S 
through the digits that the person gets 
the gratification. We will not develop 
here the Lenny Complex, which was 
first noted in connection with John 
Steinbeck’s classic work, Of Mice and 
Men. r 

Not only has genital gratification 
been used to mask this real relation- 
ship of digital gratification, but even 
oral gratification has been used or mis- 
used in this way by Freudians and neo- 
Freudians. We have already pointed to 
the fact that the infant gets gratifica- 
tion from his thumb rather than from 
his mouth. It is the object of oral at- 


tention which is desired, and not the 
mouth which merel 


in fact they all iny, 
of the hand. Con: 
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after a given event 


has been noted that 
ossible to g0 back 


has occurred, it is pi 
and indicate the reference points to 
which persons were responding. That 
is, if groups are known to have differ- 
ent sets of values, and behavior is as- 
sociated with the values, then if we 
know that a person is responding as 
though he were a member of a given 
group, we may infer that he will be- 
have as though he were a member of a 
given group. Thus far, in the relevant 
analyses, most of the prediction has 
been backward in time. That is, the 
inference is that because a person has 
behaved in a given way, he has consid- 
ered himself as 4 member of the par- 
ticular group which may be expected to 
behave in the particular manner indi- 
cated, or at least, he bas responded in 
the same way as 4 member of the par- 
ticular group which may be expected to 


behave in the particular manner indi- 
an that he has 


in the particu- 
the different 


quite different ways, 27 
having exactly like one of th 


members who does not act at @ 
ther group members. (The 


, might himself be 
were the member 
of another reference group.) This type 
of analysis is quite difficult in the for- 
ward prediction except in relatively 
simple cases. What is of particular 
value in the development this far is the 
association of a person with a point of 
reference, not only for membership, but 
also for judgment. The behavior of a 
person, thus, includes his judgments 
and these are a part of his i lerence 
point, and concomitantly, are relevant 
to reference group theory. 

In our work we have be 
reduction of the group to te ae oe 
simplest and smallest unit of ar or 
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more persons. However; our intensive 
treatment has even made it impossible 
-to` work with groups of this size, and 
forcibly, we. have- been reduced to 
groups of size one. However, we are 
` ‘still working with’a diadic situation, but 
we deal with the relationship of two 
one-person. groups.2° To Prevent con- 
fusion of the diad with the situation of 
one-person groups, we have introduced 
the concept of the person-group, and in 
this connection, reference berson theory. 
Once this distinction was made and we 
began working with this limiting case, 
it became evident that if we identify the 
reference person of €g0, we may be able 
to predict his behavior in advance. In 
this connection we found that there was 
already, although it had never been 
brought to light before, direct relation- 
ship between reference person theory 
and the development of self-exposition 
of the asceto-physician.2 It js exactly 
this relationship that tied the reference 
person theory to the nonspecial theory. 
As it turned out, it was not Possible for 


10 Small group research has received much 
attention recently, Although there is no work 
published, we have experimentation with the 
nO-person group. 
lected according to 


forestall possible criticism 
derived from laboratory experiments, we are 
using a no-way mirror setup, n 

11 The normal course of asceto-exposition is 
long, and parallels many of the patterns of 
psychoanalysis. The asceto-physician must in 
all cases be an MD to practice, He must diet, 
expose himself to all ailments and maladies 

own, and constantly reduce himself to 
points near death. Patients may revulse on 
first sight, but they then become full of pity 
(cf, transference). This condition prevails 
until there is a hardening on the part of the 
patient, and he becomes indifferent to the 
asceto-physician. At this point, the patient, 
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self-exposition to develop until there 
was a complete rejection of the current 
symbol interpretation. It was not until 
the cloak of importance of phallicism 
could be removed that the asceto-phy- 
sician could acknowledge that inade- 
quacies for persons occur in all spheres. 
In this, it is a crucial point that they 
have called themselves asceto-physicians 
instead of Psychoanalysts or therapists.” 


CONCLUSION 


Since this is already an abstract of a 
monumental work, we do not recapitu- 
late. We only note in closing that 
much research is currently focused oD 
the kinds of theory we have presented. 
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realizing how well off he is by comparison 
(reference person theory), and being accus- 
tomed to the deformed, demented, and de- 
generate asceto-physician, may face the world 
on his own. 

12 Asceto-physicians have refused the cur- 
rent name identifications pointing to the im- 
plicit acceptance of Freudian symbols in them. 
For example, psychoanalyst derives in three 
parts: psycho- anal- yst, one who has to do 


with an imaginary anus. Therapist is simply 
a contraction of: the rapist. 
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that there are certai 
capable of eliciting massive pain-fear 
reactions (see Miller, 59). These classes 
of stimuli are usually called uncondi- 


tioned fear stimuli (see Mowrer, 
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oses as follows: (a) 


for analytic purp 
Autonomic nervous system discharge, 
resulting in visceral responses of high 


h are followed by feed- 


magnitude whic 
back stimulation arising in the viscera 


and affecting the central nervous sys- 
tem; (5) skeletal motor discharge, re- 
sulting in diffuse and vigorous skeletal 
reactions which are followed by pro- 
prioceptive feedback stimulation risin 
in the musculature and joints and E 
fecting the central nervous system; sith 
reactions include aversive movements or 
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n classes of stimuli 
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from very intense pain-fear stimulation 
(trauma), 


needed 
intense 


a defi- 
of this 
we are temporarily 
e intuitive judgment 
of the psychologist. We hope that most 
readers will have private conceptions of 
the attributes of intense fear as con- 
trasted with weak fear, and we further 
hope that there will soon be some agree- 
ment in defining such a distinction. 

Two conditioning processes. We shall 
maintain, as have several other writers 
(see Mowrer, 63; Schlosberg, 70; and 
Skinner, 77), that the facts of classical 
conditioning reflect a process which is 
not the same as the Process of instru- 
mental learning. Each Process has dis- 
tinctive characteristics (see Hilgard and 
Marquis, 33). 

As applied to the learning of instru- 
mental avoidance Tesponses in the pres- 
ence of intense pain-fear, the analysis 
of the two Processes, we believe, should 
be made somewhat along the general 
lines suggested by Mowrer (62) in a 
provocative paper. We shall assume 
that pain-fear reactions become condi- 
tioned to previously neutral stimuli by 
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virtue of a process of Pavlovian, or 
classical conditioning. The essential re- 


lationships of this type of conditioning. 


as applied to fear reactions would be as 
follows: 


Any previously neutral stimuli which p 
followed closely in time by the occurrence 0: 
an unconditioned pain-fear stimulus, toget 
with its immediate, elicited fear reaction, wil 
eventually become capable of eliciting a fear 
reaction without the presentation of the un- 
conditioned stimulus. The latter fear reac- 
tion is said to have become conditioned to 
the previously neutral stimulus (which is ma 
the conditioned stimulus for a conditione 
fear reaction). Following an earlier sugges- 
tion of Mowrer (61), we shall define the con- 
ditioned fear reaction as an anxiety reaction. 
The use of a term other than fear is justified 
here on at least two different counts. First, 
the conditioned reaction may have different 
components and different amplitude when 
compared to the unconditioned fear reac- 
tion; and second, the conditioned fear re- 
sponse is “anticipatory” in relation to the 
temporal sequence of events by which it 15 
established. We assume the acquisition of an 
anxiety reaction to follow closely the empiri- 
cal laws of Pavlovian conditioning. 


The second process which occurs in 
the establishment of avoidance learning 
is that of instrumental conditioning. 
We may think of this type of condi- 
tioning as following either the laws of 
S-R reinforcement theory, of S-R con- 
tiguity theory, or of more recent cog- 
nitive learning theory. (For purposes 
of our exposition, we believe that it will 
make little difference which theoretical 
bias one might have.) The terms “anx- 
jety reduction” or “fear reduction” may 
be translated for the purposes of this 
paper to signify stimulation change or 
termination, Applied to the avoidance 
conditioning situation, the relationships 


of instrumental Conditioning may be de- 
scribed as follows: 
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TRAUMATIC AVOIDANCE LEARNING 
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lishment of an intense anxiety reaction 
in the presence of some conditioned 
stimulus, provided that the intensity of 
the original pain-fear reaction to the 
unconditioned stimulus has been very 
great (severe trauma). The number of 
repetitions necessary may also be af- 
fected by the “perceptual vividness” of 
the CS. However, we do know that if 
the three conditions above are carefully 
met, we will be able to establish @ 
strong anxiety reaction occurring in the 
presence of some previously neutr: 
stimulus. 
The conditions which must be met for 
the establishment of very strong instru- 
mental avoidance responses are as fol- 
lows: 
1, A skeletal act can terminate both 


the conditioned stimulus (which is 4 
ma) and 


“signal” of approaching trau 
the unconditioned stimulus; and fur- 


thermore, this skeletal act is of such a 
n terminate the con- 


nature that it ca 

ditioned stimulus before the uncondi- 
tioned stimulus is presented, and it can 
prevent the occurrence of the i 
tioned stimulus in the regular CS- 


sequence. 

2. The skeletal act must be followed 
closely in time by either pain-fear 1e- 
duction (when the organism is “escap- 
ing” the unconditioned stimulus) Or 
anxiety reduction (when the organism 
is “escaping” from the conditioned 
stimulus and is “avoiding” the uncon- 
ditioned stimulus). 

There is much experimental evidence 
which does not run counter to the 
analysis we have given so far. The 
work of Masserman (56, 57), Mowrer 
(63), Miller (58), Maier (55), and 
Liddell (44) provides many examples 
of the establishment of conditioned 
eae ces er AA 

) ape or avoidance re- 
sponses. While the exact interdepend 
ence of the two types of ph SEA 
during acquisition i PE pE 

is not yet known, 


356 


Solomon and Wynne (80) have shown 
that conditioned anxiety reactions are 
apt to appear prior to the emergence of 
successful avoidance reactions. This 
was also observed by Mowrer and 
Lamoreaux (65). Such seeming inde- 
pendence of the two phenomena often 
reflects itself in very sudden acquisition 
of avoidance learning under the im- 
petus of severe trauma. For example, 
Solomon and Wynne (80, 87), Brush, 
Brush, and Solomon (15), and Kamin 
(39) have shown several instances of 
a sudden transition from escaping to 
avoiding rather than a gradual shorten- 
ing of latencies to the CS. Kimble (40) 
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Fic. 1. A typical “sudden learner,” from 
the data of Solomon and Wynne (80). The 
reciprocals of latency of response to the CS 
(in seconds) are Plotted as a function of 
trials. The horizontal line marks the CS-US 
interval of ten seconds; points below this line 
are escape responses and Points above it are 
avoidance responses. The arrow designates 
ten avoidances in a row. Note that this dog 
learned to escape quickly, achieved an escape 
plateau, then suddenly learned to avoid the 
shock by responding to the CS in less than 
ten seconds. Note the stability of the short- 
latency avoidance responses, They were even 
more stable after 200 extinction trials. 
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has reported the same phenomenon in 
rats. An example in Fig. 1 from the 
data of Solomon and Wynne shows this 
clearly. This dog quickly learns to es- 
cape from the shock, demonstrates a 
plateau, then suddenly acquires a stable, 
short-latency avoidance response. 

Avoidance learning is facilitated when 
the instrumental act not only prevents 
the occurrence of the US (avoids it) 
but also terminates the CS or danger 
signal (65). On the other hand, Bit- 
terman, Reed, and Krauskopf (10) have 
shown that delay of termination of the 
US following an instrumental avoidance 
reaction (delay of reward) tends to 
strengthen rather than weaken the 
avoidance response. In their experi- 
ment they found that long shock dura- 
tion is more important in intensifying 
the classical conditioning process than 
it is in weakening the growth of the in- 
strumental response by virtue of delay 
of reinforcement. These authors con- 
sider their data to be strongly consonant 
with a dual-process theory of avoidance 
learning. Gantt and his collaborators 
have also noted the relative functional 
independence of anxiety reactions and 
instrumental acts (21, 26, 27). 

We have no really strong convictions 
about the adequacy of S-R reinforce- 
ment theory, S-S contiguity theory, OY 
S-R contiguity theory in handling the 
facts of the development of anxiety and 
avoidance responses. It will, we be- 
lieve, occur to many that these theories 
may be applicable to many selected as- 
pects of the data. But we do feel that 
the two-process approach to an analy- 
sis of anxiety and avoidance learning 


has helped us greatly in organizing for 
our own purposes a |; 
perimental evidence. 


facts of extinction of 
ance learning. 
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assi 
ma = nditioned anxiety reaction. 
Sponse js instrumental avoidance Te- 
Presence K ccurring regularly in the 
en of ae the conditioned stimulus, 
Us ig boe the unconditioned stimu- 
tiguity b itted, and the temporal con- 
estroyed. tween the CS and the US is 
Banism is When this occurs, the Or- 
Stimulus _ terminating the conditioned 
tant to instrumentally. It is impor 
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Quireq oe usually believed to be re- 
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lovian RA expect according to Pav- 
ety seni that the conditioned anx- 
Buish action would gradually extin- 
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mee € appropriate instrumen 
i. eS extinguish 
expect, These events are 
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A mean extinction curve from the 
Kamin, and Wynne (78). 
function of unrein- 
There were 10 ex- 


Fic. 2. 
data of Solomon, 
Response latency as 4 
forced (no shock) trials. 
tinction trials on each day- 


determine one’s views on the extinguish- 
ability of the instrumental acts. At any 
is clear that in traumatic learn- 

n do face some special prob- 
tion. Mowrer (63) has 


me resistance to extinc- 


) and Maier (55) have 
related observations which 
Mowrer’s impressions. 
tly, Solomon, Kamin, and 
Wynne (78) have made a rather mo- 
lecular analysis of the behavior of dogs 
during extinction procedures following 
traumatic avoidance learning. They 
have shown that latencies (reaction 
times) of avoidance responses continue 
to shorten after the avoidance response 
occurs regularly. Thus, with steady 
omission of the US, the instrumental 
response of jumping a barrier became 
more and more stereotyped and the 
latency of response to the CS became 
more rapid (shorter), leveling off at 
1.6 seconds. Dogs typically continued 
to respond to the CS for several hun- 
dred trials without signs of extinction. 
Figure 2 shows a mean extinction curve 
for 13 dogs. Some of these dogs had 
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teceived only three or four shocks dur- 
ing a rapid acquisition sequence with a 
10-second CS-US interval. The shock 
was extremely intense, just subtetan- 
izing, during acquisition. Even with 
relatively long CS-US intervals, Brush, 
Brush, and Solomon (15) have shown 
that dogs in traumatic avoidance learn- 
ing will “settle down” to short-latency 
responses to the CS in 200 trials after 
the last shock has been administered 
during acquisition. For example, with 
a 20-second CS-US interval during ac- 
quisition, the Tesponse latency asymp- 
tote approached 1.6 seconds, on the ay- 
erage, after 200 extinction trials. 
Working with the writers, Kamin 
(39) has further shown that “spon- 
taneous” jumping, in a free-responding 
avoidance learning situation, is most in- 
tense after the criterion of acquisition 
is reached and short latencies of Te- 
sponse to the CS are observed. If fre- 


serve as a rough anxiety index 
clear that cessation of Presentation of 
the US is no guarantee of reduction of 
the strength of the conditioned anxiety 
reaction. Defecation, urination, and 
other ANS signs accompanied spon- 
taneous jumping. 

From our own data, and from those 
of others, it t 
the extincti 


ance learning cannot be explained solely 
by existing principles. Existing theo- 
Ties would Probably place emphasis on 
number and regularity of reinforce- 
ments, amount of anxiety reduction, 
lack of reality testing, strong expecta- 
tions, stereotyped S-R contiguity, etc. 

ut protracted extinction is not indige- 
nous to any popular theoretical system. 

iwo-Process theory, as advocated by 
Mowrer (62), actually does contain 
some inkling of the resistance phenome- 
non, but it is not completely adequate 
in handling failure of extinction or cer- 
tain observations on overt “emotional- 
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ity.” Gantt’s (27) reasoning accepts 
the phenomenon of resistance to extinc- 
tion but does not seriously try to ex- 
plain it. 

The expectations of the two-process 
theory of avoidance learning are por- 
trayed in Fig. 3. Here we see that anx- 
iety reduction reinforcement strengthens 
the instrumental avoidance response 
until anxiety is extinguished. Anxiety 
extinguishes because the CS is no longer 
followed by the US after the animal 
is successfully avoiding shock. Then, 
when the CS can no longer elicit anx- 
iety, the instrumental act extinguishes 
because it is no longer followed by ane 
iety reduction, Thus, while Mowrer’s 
notion does protract extinction some- 
what, the Phenomenon still should be 
readily obtainable. Tt may be that the 
fictitious state of affairs in Fig. 3 is a 
good model for nontraumatic avoidance 
learning. There are, however, some ob- 
servations made by Solomon and Wynne 
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ing which we have selected and listed 


above. 
The anxiety conservation phase. There 
is at least one very important possi- 


bility which has been completely ig- 


nored in the current analysis of extinc- 
After the 


tion of avoidance responses. 
subject is responding to the CS with 
latencies shorter than the time required 
for the elicitation of the classically con- 
ditioned anxiety reaction, it is quite 
possible that at least the peripheral 
ANS part of this reaction will not 0C- 
cur at all. We hypothesize that the 
subject removes himself from the pres- 
ence of the CS so rapidly that the CS 
is almost ineffective. The extent to 
which this is possible or likely for non- 
ANS components of anxiety reactions 
will be discussed later, in the section 
on physiological problems related to 
these ideas. 
Figure 4 shows how intensity of the 
anxiety reaction might vary with time 
of presence of the CS, and how the pe- 
ripheral anxiety reaction might subside 
after CS termination, as 4 function of 
time of presence of the CS. If the 
hypothetical events in Fig. 4 are ap- 
proximately valid, then the occurrence 
of a rapid instrumental response to the 
CS would prevent peripheral anxiety 
reactions from occurring; if nonrein- 
forced exercise of @ CS-CR relationship 
is the necessary condition for extinction, 
then the extinction of the associational 
linkage between the CS and at least 
this portion of the anxiety reaction can- 
not take place. In one sense, the am- 
plitude of the anxiety reaction is being 
conserved as a relatively intact poten 
tiality, a latent functional entity. In 
common sense terminology, the subject 
is responding so quickly in the presenci 
of the danger signal that he rem e 
himself from its presence before h Ne 
become u i saree 
pset by it. Th 

overtly experience: oak dean 
s the set of events 
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CONDITIONED 
PERIPHERAL 

ANXIETY REACTION 


o2 5 10 15 
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Fic. 4. Hypothetical relationships between 
time in the presence of an appropriate CS and 
the postulated strength of the ensuing condi- 
tioned emotional reaction. The arrows desig- 
nate four points at which an instrumental act 
terminates the CS, and the dotted curves show 
the form of the anxiety decay curve for those 
four points. The term “strength” here is both 
quantitative and qualitative: it is assumed 
that more and more response elements of the 
ANS are recruited into the emotional reaction 
Pattern as time in the Presence of the CS in- 
creases. Thus, as time in the presence of the 
CS increases, the Probability of long-latency 
visceral reactions being conditioned to the CS 
will increase, 


necessary to “test reality.” 
iety reaction rarely occurs. 

Under these conditions, however, the 
instrumental act is not followed by anx- 
iety reduction, and so its habit strength 
will begin to decrease. When this de- 
crease in habit strength of the instru- 
mental avoidance response reveals itself 
in longer latencies, then the CS once 
again has enough time to elicit an 
anxiety reaction, and the instrumental 
avoidance response this time will be 
followed by anxiety reduction and a re- 
sultant increment in habit strength. 
Note how the long latencies in Fig. 1 
are followed by tapidly shortening ones. 
In other words, the subject has “fright- 
ened himself” by not getting away from 
the danger signal fast enough, and he is 
“relieved” when he finally does remove 
himself from the signal. Simultane- 
ously, however, there is weakening in 
the strength of the classically condi- 
tioned anxiety reaction, because the US 
has not occurred following the CS and 


The anx- 
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the appearance of anxiety. The extent 
to which this weakening occurs will de- 
pend in part upon the intensity of the 
peripheral anxiety reaction, which, as 
shown in Fig. 4, is possibly a function 
of the time spent in the presence of the 
CS (the latency of the instrumental 
avoidance response). 

It is interesting to note that the de- 
lay in the presence of the CS constitutes 
a partial reality testing experience, the 
effectiveness of which is probably pro- 
Portional to the intensity of the emo- 
tional reaction that occurs during the 
delay. In a real sense we can say that 
drive strength, D, in Hull’s (34) sense, 
is being “traded” for habit strength, 
sHp, as a consequence of such partial 
reality testing. During short, stable 
latencies of the instrumental avoidance 
response, habit strength is being sacri- 
ficed while drive (anxiety) is being con- 
served. 

So far, then, we have accounted for 
facts b, c, and d above. But trouble- 
some fact a still remains. In view of 
the foregoing theoretical considerations 
extinction should occur sometime, even 
though painfully resistant to ordinary 
extinction procedures. At some hypo- 
thetical moment, the CS should no 
longer elicit the anxiety reaction (oW- 
ing to frequent partial reality testing) 
and then the extremely strong sir 
should begin to be overcome by sIr 
(borrowing from Hull). The instru- 
mental response is at this point no 
longer being reinforced by drive reduc- 
tion. This is probably contrary to 
fact a. 

Therefore, we do not really believe 
that ordinary extinction procedures must 
be effective in the case of severe trauma. 
Suppose, for a moment, we assume that 
traumatic avoidance learning, if terrify- 
ing enough, is completely resistant to 
ordinary extinction procedures; that, 
barring accidents in Procedure, it is 
empirically possible to Produce avoid- 
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in 50 kf conservation phase is buttressed 
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is re r such resistance to extinction as 
po enfe in fact a above. 
o Me principle of partial irreversibility 
A ee eal conditioning. In general, 
ES i comfortable with the analysis 
os r, but with one extremely impor- 
lne ification, In the case of in- 
pant anxiety, established with the sup- 
actio of an initial, intense pain-fear Te- 
con a we believe that the classically 
cap oe responses have become tm- 
an le of complete extinction. We are 
an 1ming that in such cases of intense 
hen (conditioned fear reactions), 
ti ere the autonomic and skeletal reac- 
ions are of great magnitude and in- 
volvement, a principle of partial irre- 
Versibility of classical conditioning 1s 
Operating. The principle we wish to 
escribe is not that of total irreversi- 
ility, but rather that 4 trauma fie os 
Very intense “pain-fear” reaction ta ri 
Place in the presence of some con 
tioned sti n will result in a 
stimulus patter bility 
Permanent increase in the probabi; 
i action in 
Of occurrence of an anxiety nad stimu- 
the presence of that condition Pi 
lus pattern (whenever it reoc thought 
This permanent change can be 
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Of as a decreased thres i 
or as a sensitization P 
is relatively permanent. 


henomenon which 
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logical correlate might be the perma- 
nent reorganization of central nervous 
system networks. (These possibilities 
will be discussed later.) A physical 
analogy would be hysteresis. Such con- 
ceptions of partially irreversible changes 
(underlying behavioral phenomena) bear 
a strong relation to the concept of “the 
adaptation syndrome” which has been 
described by Selye and his colleagues 
(73). The adaptation syndrome is char- 
acterized by relatively permanent, par- 
tial reorganizations of hormonal func- 
tioning. We are merely generalizing the 
principle of partial reorganization from 
endocrinology to neurophysiology, and 
then to behavior. 

Certainly this general notion is not 
original! Freud (23) uses the idea of 
partial irreversibility in describing the 
effects of trauma. (In fact, Freud also 
has an anxiety-preserving mechanism, 
repression, to go along with partial ir- 
reversibility. But perhaps this analogy 
is stretched.) Hull’s (34) concept sHr 
is established through the action of re- 
inforcement (drive reduction), and it is 
preserved as a fixed quantity. Extinc- 
tion is predicted by the fact that slr 
and Jp are subtracted from sHp in the 
computation of sEp, effective reaction 
potential. White (86) and Allport (3) 
certainly would be astonished if a gen- 
eral concept of irreversibility were held 
to be novel. So, perhaps, might be 
Maier (55), Hebb (32), Kubie (41) 
and a host of others. But we would 
like to apply the partial irreversibility 
principle in a very particular manner 
reserving it as a property of the classi. 
cal conditioning of “intense anxiety” 
reaction. We feel that this Pediat 
of the general principle is in acc 

i è ord 
with evidence from a variety of sou 
and may be useful in 2 SUECES 

generatin 
poke a hypotheses which ae al 
irectly testable than has been possible 


with the general idea ial i 
paler ae of partial irre- 
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If this principle of partial irreversi- 
bility is taken seriously, it would mean 
that the ordinary extinction procedures 
of Pavlovian conditioning, when applied 
to a conditioned anxiety reaction of 
great intensity, will have only a limited 
effectiveness in reducing the intensity of 


tinction procedures (characterized by 
dissociation of the CS and US) of clas- 
be ca- 
pable of diminishing the Strength of a 
conditioned anxiety reaction down to 
some irreducible minimum in the pres- 
ence of the CS, to some fixed threshold 
value which is above the zero point. 
The anxiety reaction will take Place to 
Some extent in the Presence of a pro- 
and even 


STRENGTH 
OF 
EMOTIONAL 
CR TO cs 


STRENGTH 
OF 
INSTRUMENTAL 
RESPONSE TO CS 
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Fic, oR Hypothetical relationships between 
th intensity of iti i 


traumatic avoidance learning. Note that the 
asymptote for the emotional reaction extinc- 
tion curve is above zero. The arrow desig- 
nates the irreversible increment. Note that 
the strength of the instrumental avoidance re- 
sponse approaches some asymptote at a high 
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decrease somewhat in intensity, never 
completely disappearing. Thus, the 
ordinary extinction procedures of classi- 
cal conditioning will be only partially 
successful (see Fig. 5), The condi- 
tioned stimulus will always have the 
capacity to elicit an anxiety reaction of 
some magnitude. The irreducible, mini- 
mum, elicitation capacity of the condi- 
tioned stimulus will probably be a func- 
tion of the intensity of the conditioned 
anxiety response before extinction pro- 
cedures are started. 

When we consider the significance of 
these assumptions for a theory of avoid- 
ance conditioning, a striking implica- 
tion emerges, Without tampering with 
either the law of effect, the principle of 
anxiety reduction, or S-R contiguity 
Principles, we can Predict the failure of 
extinction of instrumental avoidance re- 
Sponses which have been established in 
the presence of intense pain-fear or anx- 
iety. We arrive at such a conclusion, 
not on the basis of a drastic reformula- 
tion of instrumental learning and ex- 
tinction laws, but rather, on the basis 
of partial irreversibility of classically 
conditioned anxiety reactions, There is 
no shortcoming of the law of effect im- 
plied here! If the latency of the in- 
strumental avoidance response is long 
enough, the conditioned stimulus will 
elicit some degree of anxiety. Since the 
instrumental avoidance response has 
been established in the presence of anx- 
iety, and since the instrumental avoid- 
ance response will continue to be fol- 
lowed by reduction of anxiety (by re- 
moval of the conditioned stimulus), the 
instrumental avoidance response will not 
be weakened. In fact, it will be strength- 
ened through the action of the law of 
effect, approaching an asymptote of re- 
sponse strength long after extinction 
procedures have been instituted, long 
after the organism is Successfully avoid- 
ing the unconditioned stimulus. Such 
a case is shown in Fig. 5. The prin- 
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E at overt signs of anxiety will 
koei to diminish, because the 
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retical position is of a doctrine of 
therapeutic hopelessness. We have 
pointed out that the originally intense 
anxiety reaction, elicitable by a condi- 
tioned stimulus, can be substantially re- 
duced by the employment of traditional 
extinction procedures as well as the 
therapeutic procedures of reality test- 
ing. Some amelioration of anxiety is 
assumed to be possible, even in the case 
of most severe trauma. But a particu- 
lar instrumental avoidance reaction, 
originally stemming from a severe trau- 
matic event, will tend to persist if we 
merely employ ordinary extinction pro- 
cedures or therapeutic reality testing. 
Reward or “support.” Therefore, it 
seems clear that if we are to eliminate 
a strong, learned avoidance response we 
must introduce some new stimulus con- 
ditions along with the other procedures 
above. But in doing so, we must keep 
in mind that the organism will, despite 
extinction procedures, always exhibit an 
anxiety reaction of some sort in the 
presence of the conditioned stimulus. 
One requirement would be that any 
added stimulation should have a high 
probability of eliciting a pattern of 
skeletal responses, which is incom- 
patible with the occurrence of the 
avoidance response. Fatigue, compet- 
ing avoidances, and competing appeti- 
tive reactions could be utilized. The 
stimulus pattern could be ‘“motiva- 
tional” in nature or could be composed 
of conditioned stimuli controlling strong 
responses which are incompatible with 
the avoidance reaction we wish to 
eliminate. Once the new stimulation 
conditions are introduced, and the re- 
sulting incompatible behavior is rein- 
forced, the probability of the occur- 
rence of the old avoidance response will 
decrease. The organism will then be 
capable of performing a new instru- 
mental response in the presence of the 
conditioned stimulus for anxiety, yet 
the anxiety reaction will continue to 
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occur. The old phobic or compulsive 
Tesponse will be gone, but not the anx- 
iety reactions. At least, that is what 
we would expect if the principle of par- 
tial irreversibility of classical condition- 
ing were valid. 

Use of reward learning, or of appeti- 
tive motivation, in the elimination of 
strong avoidance responses has been 
studied to some extent, but the results 
are confusing. 
have the excellent Studies of Lichtenstein 
(43), in which 
was used to 


observations are equivocal 


here. retrain dogs 


in ou 


a very successful pro- 
Often the dog grabbed at the 
food and then Performed the avoid- 
ance response. Much experimentation 
1s needed in this 
are parametric studies which pit drives 
against each other į 

studies which 
curves.” 


Punishment. Another type of “new 
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stimulation” which might be introduced 
in order to discourage the occurrence of 
an avoidance response is punishment. 
That is, when the organism responds to 
the conditioned stimulus with an avoid- 
ance response, some traumatic stimulus 
could be applied, preferably immedi- 
ately following the occurrence of the 
avoidance response. Our theoretical 
ideas would deduce that such a pro- 
cedure would only be effective if it is 
preceded by, or accompanied by, ex- 
tensive forced reality testing. If pun- 
ishment for avoiding is used before the 
classically conditioned anxiety reaction 
is partially extinguished, then the avoid- 
ance response might be substantially 
Strengthened rather than weakened. 
Punishment would raise the general anx- 
iety level, and since the avoidance Ter 
actions have consistently taken place in 
the presence of anxiety, it is conceiv- 
able that the organism would appear to 
be reacting more strongly to the condi- 
tioned stimulus than was the case be- 
fore the introduction of punishment. 
Owever, it is conceivable that punish- 
ent could be introduced after forced 
reality testing, or after the anxiety re- 
action has been reduced to a low level, 
and that the action of punishment in 
this case might eventually lead to the 
extinction of the avoidance response. 
In this case, we would expect an initial . 
strengthening of the avoidance response 
followed by gradual elimination of such 
instrumental Tesponses. We are willing 
to believe that punishment which di- 
rectly follows instrumental acts will 
tend to weaken the i 
sponse strength 
those acts. But in the 


.., May appear to be 
unchanged or, Possibly, strengthened by 
the action of punishment, In the case 


` 
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RELATED PROBLEMS IN THE Psy- 


CHOLOGY OF LEARNING 


One special case of learning 


Escape. 
stimulation has 


initiated by noxious 
some characteristics differing from those 
of avoidance learning. This learning 
type has usually been called escape 
learning or conditioning (33). It is 
characterized by simultaneous presenta- 


tion of the conditioned and uncondi- 


tioned stimuli, so that any instrumental 
e organism can 


acts on the part of th 
never result in pain avoidance, merely 


in pain termination. Sheffield (74) has 
made a keen analysis of the events of 
escape learning contrasted with those 
of avoidance learning, and we are in 
essential agreement with his conclu- 
sions. He shows that in escape learn- 
ing the presentation of the uncondi- 
tioned stimulus tends to elicit uncondi- 
tioned responses that are incompatible 
with the performance of a specific in- 
strumental escape response which hap- 
pens to terminate the CS and the US. 
For example, if a rat is required to run 
in order to terminate shock, and the 
shock level is fairly high, unconditioned 
crouching reactions may interfere with 
running. In addition, the rat may 
terminate shock only if he runs a given 
distance, SO that the instrumental acts 
such as the initiation of running move- 
ments are actually punished for a finite 
time. Therefore, one would 
development of a lot of dif- 
(see Schlosberg, 70) 
some of which would actually be cca 
compatible with a discrete and efficient 
instrumental escape act. When the un 
conditioned stimulus is later omitted D 
the extinction of the escape re in 
there would be present sponse, 
alternati i a many Reson Se 
ives which might interfere with 
the previously reinforced i 
act. Thus di instrumental 
à , according to Sheffield, the 


period of 
expect the 
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escape response would be weak, and 
might be easily extinguished when the 
unconditioned stimulus is omitted. 

However, we would like to add that 
the general and diffuse reactions which 
have been elicited in the presence of 
anxiety would persist if the original 
stimulation were traumatic enough. We 
would expect the conditioned stimulus 
to continue to elicit some anxiety, just 
as was the case in avoidance learning, 
and some types of “aversive” skeletal 
reactions in the presence of this anx- 
iety might be expected. Even though 
a very specific instrumental escape re- 
sponse may have been eliminated, the 
classically conditioned emotional reac- 
tions would tend to persist, though with 
an intensity considerably less than was 
the case before extinction procedures 
(omission of the US). Thus, the end 
picture of escape and avoidance extinc- 
tion might be very much the same: 
partial persistence of anxiety, but ac- 
companied by new skeletal reactions. 
At least, such would be anticipated by 
the principle of partial irreversibility of 
classical conditioning. We do not know 
of an experiment directly designed to 
demonstrate these phenomena, but such 
an experiment would be, in principle, a 
simple one. 

Partial reinforcement. Sheffield and 
Temmer (75) have clearly demon- 
strated that escape learning, with shock 
level held constant, is less resistant to 
ordinary extinction procedures than is 
avoidance learning. They argue that the 
difference is due to the effects of par- 
tial or aperiodic reinforcement. Many 
animals show an irregular sequence of 
escape and avoidance trials when they 
are in the course of acquisition of 
instrumental avoidance responses. An 
animal may receive a shock on trial six 
because it did not respond with a la- 
tency less than the CS-US interval, and 
on the seventh trial it may avoid the 
shock, responding to the CS alone. 
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Then, on the eighth trial, the animal 
may receive shock again for respond- 
ing too slowly to the CS. Such alterna- 
tion from shock to nonshock trials is 
common in many experiments. This is 
tantamount to aperiodic reinforcement 
if the US is considered to be the rein- 
forcer of the instrumental act. 

Now, based on a generalization decre- 
ment theory (36, 76) or a response- 
grouping theory (64), it would be Er 
pected that an aperiodic reinforcemen 
schedule would lead to high resistance 
to ordinary extinction procedure hen 
compared with the consequences P 
regular reinforcement. Escape learning 
is characterized by regular reinforce 
ment, the US being administered 0” 
every acquisition trial. Regular extinc 
tion procedure merely omits the US an 
Presents the CS alone. This is 2 
abrupt transition from 100 per ce? 
reinforcement to 0 per cent retori 
ment, a condition which Sheffield an 
Temmer believe is conducive to easy 
extinction because of a generalization 
decrement—the animals can easily dis- 
criminate a change in the situation. 
But in avoidance training procedures 
the change from acquisition to bse 
tion procedure is not as discriminable, 
and so the animals respond for mor 
trials during extinction. (Another way 
of saying this is that the avoidanci 
training procedure does not give the 
animals good cues for reality testing.) 
Sheffield and Temmer point out that 
early in ordinary extinction procedure 
the avoidance responses are actually less 
vigorous (of lower amplitude) than are 
the escape responses. These data con- 
trasting escape and avoidance learning 
are paralleled by data in reward learn- 
ing. In general, experimental work on 
partial or aperiodic reinforcement has 
shown that the irregular sequence of 
reinforcements leads to slower acquisi- 
tion and slower extinction. With low 
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Tati , 
a tinction may well be a long 
In ON procedure (36, 76). 

Rilght be i aie considerations, it 
ple a why we forsake a sim- 
Baa “i such as the generalization 
Koute f eory of extinction (76), in 
tion in te or high resistance to extinc- 
aes aver avoidance learning. 
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a. Wi 
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taken from the acquisition data of Solo- 
mon and Wynne (80). The same phe- 
nomenon was observed, even with very 
long CS-US intervals, by Brush, Brush, 
and Solomon (15). This is tantamount 
to a sudden shift from 100 per cent 
shock reinforcement to 0 per cent shock 
reinforcement, a condition which typi- 
fies the onset of ordinary extinction of 
escape responses. Such animals, learn- 
ing to avoid very suddenly, do mot ap- 
pear to be less resistant to extinction 
than animals having a more aperiodic 
sequence of shocks and avoidances dur- 
ing learning. Thus, one cannot say that 
traumatic avoidance learning is typified 
by aperiodicity or partial reinforcement 
to the exclusion of perfect periodicity. 

b. Escape learning is not comparable 
with avoidance learning because the 
CS-US intervals are not comparable. 
Escape learning is characterized by 
overlap of CS and US in time such that 
the US is unavoidable. But avoidance 
dure places 4 considerable 
perio S and US so 
that the subject can react quickly 
enough to avoid the US. If the Cs-US 
interval is an important variable in de- 
termining resistance to extinction, it 
would become 4 more complex task to 
assess the contribution of pattern of re- 
jnforcement as an important variable in 
traumatic avoidance learning. (This is 
a problem which we have just begun to 
explore, and the data are not conclusive 
at the present time. However, work- 
ing with the authors, Kamin [39] has 
shown resistance to extinction to be a 
function of CS-US interval.) 

In view of the data on resistance to 
special extinction procedures described 
by Solomon, Kamin, and Wynne (78), 
Masserman (56), Gantt (27) d 
others (44, 55), it seems A a 
that in traumatic l i reasonable 

learning the pattern 
or sequence of reinforcements is only 
one contributing variable of many in 
producing high resistance to extinction. 
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Nontraumatic learning. It has been 
suggested that perhaps all learning con- 
tains the element of partial irreversi- 
bility. Indeed, Allport’s concept of 
functional autonomy (3) may be taken 
as a prototype for such a position. At 
present, we do not wish to extend our 
analysis beyond very intense, traumatic 
classical conditioning; but we realize 
that there is a possibility that other 
types of learning share some of the 
features of partial irreversibility of 
classical conditioning. “Law of effect 
learning,” we feel, is totally reversible, 
and is even extinguishable “below zero” 
when the correct conditions are met. 

In general, we feel that Gantt’s (27) 
argument about the distinctive differ- 
ences between conditioned autonomic 
reactions of an “appetitive” nature and 
conditioned autonomic reactions of the 
“emergency system” is cogent here. It 
can scarcely be argued that a Pavlovian 
conditioned salivary reaction—no mat- 
ter how associated it might be with in- 
tense and eager orientation of the sub- 
ject, and even overwhelming “expecta- 
tions” of food (see Zener, 89)—involves 
the magnitude of visceral and hormonal 
reorganization that intense conditioned 
pain-fear reaction does, Nor is it too 
difficult to extinguish a conditioned 
salivary reaction below zero, as Pavlov 
(68) has shown; yet the conditioned 
heart-rate reaction to intense trauma 
has been shown by Gantt (27) to be 
incapable of total extinction in dogs, 
even over a period of years, While the 
conditioned appetitive reactions of re- 
ward learning may be a strong factor 
in influencing the resistance to extinc- 
tion of rewarded instrumental acts, we 
do not feel that a partial irreversibility 
Phenomenon need be involved. 

There is, we feel (yet we cannot at 
Present convincingly prove) a tremen- 
dous qualitative difference and quanti- 
tative difference between appetitive and 
traumatic learning. The exact nature 
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of the differences remains to be a 
plored. Perhaps it will point up = 
problem if we are reminded that a ik 
may starve to death rather than = 
punishment, that a dog will rere 
eat if near a “danger signal” (43), We 
a sheep may exhibit hypertension p 
to trauma for months. (Perhaps A 
non [16] was making a distinc k 
eventually useful to the meee a 
learning when he delineated the veg ate 
tive and emergency functions of the this 
tonomic nervous system. While ious 
distinction now seems more dubi ee 
than Cannon made it out to be, sy ae 
non-ANS functions operate, it, = 

premature to forget the distinction. 


EMS 
RELATED PHYSIOLOGICAL PROBLEM 


During our discussions of the le 
ciples of anxiety conservation an xe 
the partial irreversibility of inte 3 
iety reactions within the framewor qit 
learning theory, we have often foun ati 
illuminating to consider the comp ay 
bility of our ideas with present- 
physiological facts and theory. the 
have felt that the consideration of a 
anxiety and avoidance learning prot 
lem from more than one starting P 
would suggest surplus meanings, des 
thus the possibility of additional aa A 
of verification. Three main po 
logical problems are particularly ort 
vant to this discussion. (a) What EA 
of physiological processes, among u as 
aroused in intense anxiety eal 
are most capable of mediating skele a 
avoidance responses? (b) To what Fa 
tent do these physiological process® 
have discrete latencies, within which 4 
prompt instrumental response could oc- 
cur or begin? (These two questions 
pertain directly to the principle of anx- 
iety conservation, which presumes that 
certain anxiety reactions could, on the 
one hand, motivate delayed avoidance 
responses, but, on the other hand; 


could be conserved from extinction by 
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a hg avoidance responses.) (c) 
aien at extent do mediating physio- 
nic i processes and associated ana- 
fakin structures have characteristics 
parti i them possibly susceptible to 
Dre ally irreversible changes in the 
ee of traumatic stimulation? 
Pet, indicated at the outset of this 
ing EA we like to imagine that dur- 
stimul ense anxiety reactions feedback 
ir iar occurs in at least four ma- 
eaa ological systems: autonomic 
eptive system, skeletal motor-proprio- 
and hi Ae er neuro-endocrine system, 
Pte er levels of the central nervous 
tings “ Since in the intact organism 
ft a clearly overlap and inter- 
tiotis yet serve partly parallel func- 
kbit such a classification is highly 
cca but may serve expository and 
in tur ic purposes. We shall consider, 
respe n, each of these four systems with 
r to the three questions raised. 
baia Comic nervous system and asso- 
Sno feedback. Discharge of the au- 
ol nervous system has long been 
exist ed as prominent in anxiety. The 
Vati ence of efferent pathways, from 
lous CNS levels to the peripheral 
est S is now well-known and thoroughly 
ablished (24, 47, 84). However, if 
hin autonomic aspects of anxiety are pa 
lence avoidance bebavior, anatom™ 
pal and physiological mechanisms must 
exist whereby autonomic discharge 
rouses afferent feedback that actually 
an impinge upon projection areas an 
eventually influence skeletal motor cen- 


ers and pathways. nly very recently 
As th irect detailed evidence 
ere been direct, N TAT 


es i pove th 
cend in the CNS 4 45,9). Tt 


the lower brain stem (1 , 
now appears that the neurophysiological 
the 


characteristics of visceral afferent 
Projection system ugiffer in no impor- 
tant respects from the api projec- 
tion other than in peripheral origin 


(5, p. 457)- 
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Neural feedback from autonomic re- 
actions probably participates in both 
the specific and the diffuse projection 
systems to the thalamus and cerebral 
cortex. For the specific projection sys- 
tem, evidence is accumulating that there 
is an interaction of visceral and somatic 
afferent representation at several levels 
of the CNS (6, 24). Thus, the notion 
of the two-process learning theory that 
at least some of the afferent feedback 
impulses from the viscera have the 
properties of stimuli and so are ca- 
pable of becoming conditioned stimuli 
and drive stimuli now seems reasonably 
consistent with physiological evidence. 
That is, not only may visceral reactions 
become elicitable by external stimuli 
through classical conditioning, but also 
the visceral feedback stimuli may be- 
come cues for instrumental acts, or may 
become motivating stimulation if their 
intensity is great enough (see Miller, 
59). 

Much recent research indicates that 
the diffuse projection system, involving 
the reticular activating system of the 
brain stem, is extremely important in 
emotional arousal, alertness, and the at- 
tentive processes (47, 54). The re- 
ticular formation probably also has a 
descending facilitating influence upon 
lower motor outflows (48). Although 
the relative significance of the various 
kinds of afferent stimulation that can 
activate the reticular system under dif- 
ferent conditions is still not established, 
it is now very likely that feedback 
from both sympathetic and parasympa- 
thetic systems contributes to this affer- 
ent collateral network (22, 88). From 
the standpoint of avoidance learning 
theory, it is interesting that afferent 
impulses to the reticular system do not 
seem to function as cues or as specific 
conditioned stimuli. Rather, they seem 
to alter diffusely the alertness or atten- 
tiveness of the organism in perceiving 
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and responding to impulses of the more 
specific projection systems (22, 81). 

These physiological considerations, de- 
scribed, to be sure, in a highly sche- 
matic and oversimplified fashion, sug- 
gest the need for caution by learning 
theorists in discussing the Properties of 
drive states and especially of acquired 
drives. Even the relatively well-under- 
stood peripheral autonomic nervous sys- 
tem, when it is active, results in afferent 
feedback impulses having a great po- 
tential range of variation in quality and 
magnitude, in duration and latency, as 
well as in the extent to which such feed- 
back actually may influence instrumen- 
tal motor responses. The loose term, 
“response-produced stimuli,” while per- 
haps useful in highly generalized theory, 
tends to disguise these issues. And be- 
hind such issues may lie processes 
which greatly affect the extent to which 
anxiety and other learnable drives may 
actually mediate instrumental avoidance 
learning, 

This discussion of autonomic feed- 
back has emphasized neural pathways. 
However, it is clear that ANS discharge 
also produces widespread hormonal feed- 
back affecting the reactivity of the or- 
ganism in many diffuse ways. Some 
features of the Possible role of such 
changes for anxiety and avoidance learn- 
ing will be pointed out shortly. 

To date, the various physiological and 
anatomical studies that have delineated 
the details of the mechanisms whereby 
autonomic reactions and feedback could 
influence instrumental responses have 
not been conducted under conditions of 
avoidance learning. Therefore, we do 
not know the extent to which the pos- 
sible mechanisms are actually invoked 
in traumatic avoidance learning as dis- 
cussed in this paper. 

Inferential evidence concerning the 
over-all role of the peripheral ANS un- 
der actual traumatic avoidance learning 
conditions has been Presented by Wynne 
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and Solomon (87), They used surgical 
and pharmacological procedures in dogs 
to eliminate the sympathetic and para- 
sympathetic peripheral nervous func- 
tion. This was done in such a way that 
the capacity to perceive a traumatic US 
via direct sensory paths was unimpaired, 
and the motor capacity of the dogs to 
perform the instrumental avoidance ik 
sponse was not affected. In this ex- 
periment a CS-US interval of 10 sec- 
onds was used (allowing time for ANS 
reactions to develop in normal con- 
trols). Thirteen dogs who were given the 
surgical-drug procedures before ee | 
showed less uniform behavior than di 

normal control dogs. Ten of the 13 
dogs were outside of the range of any 
normal controls, either in characteristics 
of acquisition or of extinction. In gen- 
eral, the experimental dogs were often 
retarded in reaching the avoidance 
learning criterion as well as in making 
their first avoidance response. How- 
ever, they were all capable of achieving 
the criterion of avoidance learning and 
of responding with short latencies Kol 
the CS. Eight of these 13 dogs extin- 
guished spontaneously. This had never 
occurred in any of 13 control dogs 
which had been trained under the same 
conditions. The experimental animals, 
as compared with normal controls, 
showed relative “indifference” to the 
shock, with few signs of autonomic 
and motor “upset,” and relatively little 


stereotyping of responses during extinc- 
tion. 
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be extremely important in depressing 
general activity. 
Tt was possible for Solomon and 
an (80) to obtain only very in- 
no ae data on ANS discharge and 
ack vective data on associated feed- 
ance È their study of traumatic avoid- 
erthel earning using normal dogs. Nev- 
enc: ae they observed a definite ten- 
0 the or the first overt ANS reaction 
trials > S to occur approximately two 
SPonse efore the first avoidance Te- 
ave Mowrer and Lamoreaux (65) 
ully reported similar observations. 
ti satisfactory experimental evidence 
0 Sees role of the ANS in contributing 
avoid, lety as a mediating drive state 1n 
Until oa learning will not be available 
isch irect measurements of both ANS 
Possible. and associated feedback are 
ition. € under avoidance learning con- 
Tam, S varied along standardized pa- 
leters. However, the various kinds 
inferential data now available quite 
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“arly suggest that the peripheral 


Cites: 
cant its have at least a highly signifi- 
avoid although not essential, role in 
inte ance learning under conditions of 
nse trauma during acquisition. 
Best ese various kinds of evidence sug; 
e that, under certain conditions a 
ast, feedback circuits which include 
hace heral ANS facilitate avoidance 
ng, i 
$ ccording to the principle of ra 
Servation, the maintenance of & 
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for most trials, the latency of these 
physiological processes. 

In the case of the autonomic nervous 
system, the latency of measurable ef- 
ferent reactions after the presentation 
of an external CS is ordinarily 1—4 sec- 
onds (2, 24, 47). It has been noted, 
for example, that in association with 
both light and sound stimuli a galvanic 
skin response of moderate electrical po- 
tential change has a latency of about 
1.5 seconds (47). With the same mild 
stimuli, heart rate changes measured 
with the electrocardiogram also begin 
after about 1.5 seconds, reach a maxi- 
mum after about 3 seconds, and have 
disappeared after about 4 seconds. 
Such measurable effector reactions pre- 
sumably occur only after summation of 
less overt processes at both central and 
peripheral levels. These processes in- 
clude, as examples, local intrinsic nerv- 
ous reflexes in the gut in conjunction 
with local chemical and hormonal ad- 
mechanisms such as the 
carotid sinus reflex affecting cardio- 
vascular and respiratory activity, and 
complex central circuits involving the 
primitive forebrain and the reticular 
activating system of the brain stem. 

When the physiological processes 
brought into activity by external stimuli, 
especially stimuli arousing intense reac- 
tions, are considered in their full com- 
plexity, it is obvious that great caution 
is necessary in interpreting generalized 
statements about the latency of either 
efferent or afferent circuits. What can 
þe said with some degree of assurance 
in the case of the ANS is that, in view 
of the demonstrable discrete latencies 
of peripheral ANS reactions, effective 
facilitation of skeletal responses by the 
feedback returning to central levels 
must also have a discrete latency. 
Probably at least two seconds, perhaps 
several seconds, must elapse following a 
CS before feedback from the peripheral 


justments, 
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ANS can appreciably affect central mo- 
tor processes. 

These physiological latency charac- 
teristics of the ANS make the periph- 
eral autonomic portions of anxiety re- 
actions especially likely to be “con- 
served” by prompt avoidance Tesponses 
which quickly remove the organism 
from the presence of the arousing CS, 
However, conditioned autonomic reac- 
tions do occur with a latency of only a 
few seconds and hence can be expected 
to help maintain avoidance when the in- 
strumental response is delayed beyond 
this extent. The physiological proper- 
ties of the ANS make it necessary to 
qualify such a generalization in several 
respects. For one thing, it is not cor- 
Tect to assume that the different parts 
of autonomic discharge and feedback 
all have the same latency. This point 
Probably applies more to the latency 
with which autonomic reactions reach 
maximum intensity rather than to the 
latency with which they begin. For 
example, gastric reactions involving 
changes in acid production and motility 
probably take considerably longer to 
summate to maximum level than do 
heart-rate changes. 

In other words, even within the au- 
tonomic group of anxiety reactions, a 
given duration of exposure to a CS may 
tend to elicit some kinds of reactions 
and to conserve others from full arousal. 
A recent experiment by Kamin (39) 
sheds a great deal of light on this 
problem. He studied the role of CS- 
US interval in a traumatic avoidance 
learning situation. The emotional re- 
actions of his dogs varied with the 
length of the interval. Kamin’s 5-sec- 
ond group showed a predominance of 
muscular tension, alertness, defecation, 
and urination during acquisition of a 
jumping response. His 20-second group, 
in contrast, showed a predominance of 
diffuse, agitated locomotion, retching, 
vomiting, and stomach rumblings which 
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Kamin happily called “the gastronomic 
microphonic.” 

Such a contrast in symptoms must 
somehow be related to the “natural la- 
tencies” of visceral and skeletal emo- 
tional reactions. Some of the long-la- 
tency reactions probably are never con- 
ditioned when the CS-US interval is 
short. But of those reactions which 
are effectively conditioned, those with 
the longer latencies will be conserved 
during the earlier phases of extinction. 
It is clear that a detailed study of the 
qualitative changes in conditioned nig 
tional reactions, during all phases 0 
acquisition and extinction of avoidance 
learning, is sorely needed. 

If partially irreversible changes do 
occur as a result of traumatic stimula- 
tion, such changes are most apt to 0C- 
cur in those structures in which the 
stimulation is convergent and most in- 
tense, or in structures with a particular 
vulnerability to such changes. Con- 
vergence might be especially likely tO 
occur in pathways or areas with many 
afferent connections but with a rela- 
tively primitive or undifferentiated 
structure. In the case of the peripheral 

» Present anatomical knowledge 
does not suggest that such convergence 
is probable, 


One might wonder whether the struc- 
tural changes oc 
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troversial and largely speculative at 
present; “organ inferiority” is a dis- 
puted concept in psychosomatic medi- 
cine today. Also, it is conceivable that 
such psychosomatic diseases in au- 
tonomic organs might be secondary 
manifestations of partially irreversible 
changes in endocrine or CNS struc- 
tures, rather than primarily in the pe- 
ripheral ANS as such. This possibility 
1s in accord with preliminary observa- 
tions of Wynne and Solomon (87) 
a indicate that elimination of pe- 
ae ANS functions after traumatic 
Voidance learning has already occurred 
ie effect upon the course of extinc- 
oy Dogs in this group were like nor- 
oe controls in their extremely strong 
etme to extinction of avoidance, in 
rast to dogs in which the peripheral 
S was eliminated before acquisition 
of avoidance. 
ca rdocrine reactions. Abundant clini- 
th and experimental evidence indicates 
at endocrine reactions are capable of 
eing classically conditioned. The re- 
ationship between emotional stimuli 
and the secretion of circulating epi- 
Nephrine by the adrenal medulla has 
long been known. More recently, it 
as become apparent that the secretion 
of the antidiuretic, gonadotrophic, an 
adrenocorticotrophic hormones from the 
Pituitary gland, as well as insulin from 
© pancreas, may also be influenced bY 
Conditioned emotional states 12%; i; s 
adrenal medulla and posterior pua 
are controlled by a rich, direct secreto- 
Motor innervation (24), 
rior pituitary (and t 
thyroid, adrenal corte®, an 
's probably under the a 
ae of the hypot na ae te that all 
arious experiments 1 sarily op- 
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the CNS, while others may act by way 
of circulating adrenaline or histamine, 
or even perhaps, via other metabolites 
or hormones (28). Thus, some specific 
understanding is gradually being built 
up of the various endocrine reactions 
which might be regarded as part of the 
pattern of anxiety reactions which ac- 
company traumatic avoidance learning. 

In general, the latencies of feedback 
from endocrine discharge, possibly ex- 
cept for epinephrine, are considerably 
longer than for the neural feedback 
from the peripheral ANS. Many of the 
measurable changes associated with ad- 
renocortical discharge take one to four 
hours to reach maximum intensity (28), 
although the change may begin quite 
promptly. This means that a mediat- 
ing effect of endocrine feedback within 
a given learning trial is likely only if 
the CS-US interval is much longer than 
that used in all reported avoidance 
learning experiments. However, such 
long intervals do occur in certain life 
situations of human beings faced with 
anxiety-evoking signals. Effective in- 
strumental responses may not be pos- 
sible for hours, days, or longer. In 
experimental avoidance learning an “ac- 
climation” period may allow for endo- 
crine reactions to occur to the total ex- 
perimental situation. Also, with pro- 
longed experimental sessions endocrine 
reactions aroused by early presentations 
of the CS may produce endocrine reac- 
tions affecting later responses. (May 
this contribute to so-called warm-up ef- 
fects?) From the standpoint of avoid- 
ance learning theory, such considera- 
tions raise the question of whether en- 
docrine feedback should be regarded as 
having “stimulus” qualities or as alter- 
ing the reactivity of the organism to 
other, more specific stimuli. 

Exactly how such endocrine discharge 
may “afferently” modify behavior and 
learning has not been studied in detail 
thus far. That a significant effect can 
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occur is suggested by the frequency 
with which psychological aberrations 
are observed in patients with disorders 
of the endocrine glands (19, 83), and 
the frequency with which the adminis- 
tration of hormonal Preparations re- 
sults in deviant behavior (17, 69). 
However, the Specific role of any hor- 
mone in avoidance learning processes is 
almost completely unknown, The diffi- 
culty in obtaining information on spe- 
cific effects arises in great part from the 
impossibility of distinguishing where 
one hormonal regulatory mechanism 
stops and another starts. Regardless 
of the resultant behavioral effect, hor- 
mones act only by accelerating or re- 
tarding the rates of intracellular reac- 
tions which are catalyzed by specific 
enzymes (60). 

There are only a few experimental 
studies of hormonal effects which are 
generally relevant to the anxiety and 
avoidance learning problem as we have 
posed it. Mirsky et al. (60), using 
monkeys and tats, have made observa. 
tions in three different learning situa- 
tions, including avoidance procedures, 
and have obtained results consistent 
with the interpretation that adreno- 
corticotrophic hormone (ACTH) de- 
creases anxiety or its drive properties. 
Using sheep, Liddell eż al. (45) found 
that administration of adrenal extract 
resulted in a rapid reduction in tension 
and a disappearance of the rigidities 
and tic-like behavior which character- 
ized “neurotic” sheep. These authors 
did not use an avoidance training pro- 
cedure. However, in seeming contradic- 
tion to these results of Liddell and of 
Mirsky, Applezweig (7) has found that 
hypophysectomy in rats interferes with 
avoidance learning even though the ca- 
pacity for escape learning continues. 
When these rats were treated with 


ACTH, they showed partial restoration 
of avoidance learning. 


About all that can be said about ex- 
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perimental work in this area in its pres- 
ent preliminary stage is that the pi- 
tuitary-adrenocortical system seems to 
have some sort of effect upon avoidance 
learning, and presumably upon the sec- 
ondary drive state mediating between 
CS and instrumental response; but e 
nature of such effects is obscure. 
may be that the effects occur only w- 
der extreme experimental or pafholog 
cal conditions, such as is the case wit 
hypophysectomy.* Mirsky’s investiga- 
tions, inducing less extreme secondary 
physiological changes, deserve carefu 
scrutiny because: (a) his results sug- 
gest that classically conditioned endo- 
crine reactions may affect the course 
of avoidance learning by mechanisms 
which would be dificult to describe 
using current S-R or S-S itrroilatinna 
and (b) because his results suggest tha 
pituitary-adrenocortical reactions _ may 
counteract other kinds of classically 
conditioned reactions (negative, inhibi- 
tory, or inverse feedback? ). 

If endocrine reactions do, in fact, 
take part in classically conditioned anx- 
iety, then the relatively long latencies 
of these reactions suggest that this por- 
tion of the total response may 
strongly or inevitably subject to “ih 
Principle of anxiety conservation by 
virtue of a prompt instrumental re- 
sponse. However, the tendency for 
such reactions to continue for long pê- 
tiods after the traumatic stimulus has 
been removed from the situation prob- 
ably introduces a complication in the 

° This may be unlikely. Recent studies of 
Gellhorn and his Co-workers on insulin raise 
the possibility that hormonal mediating effects 
are powerful in maintaining conditioned res 


sponses. Gellhorn’s Most startling finding is 
that injections of insulin can result in the rela- 
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atl of this principle to endo- 
it a to a greater extent than 
ess, sh to ANS reactions. Neverthe- 
expect oa exposure to the CS could be 
the Sa to minimize the magnitude of 
sen ocrine reaction and, in that 
T to conserve it. 
of ne oe changes in many parts 
tense TR apparently brought by M- 
in the lischarge of the adrenal cortex 
elye ci inc syndrome” (73) of 
tion ine particularly in the “exhaus- 
Concept oF be closely related to the 
ave for of partial irreversibility as We 
if such mulated it here. However, even 
et pee can be classically con- 
eir and are partially irreversible, 
eo pertinence to avoidance learning 
Pe not great unless it can be 
ects rated that they have behavioral 
q 
e utthermore, even if such behavioral 
cial c can be shown under certain spe- 
tiers it will still remain to 
ions ate the range of learning condi- 
te Beant which such considerations at@ 
See A preliminary piece of evi- 
ndin in this unexplored area 1S the 
ACTH of Mirsky ef al. (60) that 
resp has no effect upon avoidance 
establin which have been thoroughly 
avoid ished, In contrast, the same 
o 7 ‘ance response at an earlier phase 
wit nip oa: readily undergoes extinction 
su the same amount of CTH. This 
WBgests that under these learning con- 
itions, at least, the extent of the effect 
€pends upon the phase of the learning 
Process. Possibly other structures may 
take over Jater in the extinction phase. 
Skeletal motor-proprioceptive system. 
n discussing the physiological aspects 
of avoidance learning from the view- 
Point of the two-process theory, it is 
Necessary to differentiate artificially and 
arbitrarily the effects of proprioceptive 
feedback in facilitating continuous pos- 
tural adjustments from the functions 
which such feedback may serve as con- 
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ditioned stimuli or as acquired drive 
stimuli. Schoenfeld (71), ina recent 
review, emphasizes the role of proprio- 
ceptive stimulation in serving as nega- 
tive reinforcement (punishment) or as 
positive reinforcement (reward). He 
says: “The proprioceptive stimuli pro- 
duced by the avoidance response may, 
because they are correlated with the 
termination of noxious stimuli, become 
secondary positive reinforcers and hence 
strengthen the tendency to make the re- 
sponse which generates them” (71, p. 
88). Schoenfeld feels that the concept 
of proprioception is superior to that of 
emotion and fear in describing the data 
of avoidance learning. 

Certainly the physiological and ana- 
tomical properties of proprioceptive 
feedback are more clear than for any 
other physiological system. However, 
we are ignorant of the relationships be- 
tween particular kinds of proprioceptive 
events and behaviorial events in avoid- 
ance learning. There are always mil- 
lions of proprioceptive impulses im- 
pinging on the CNS at any time. The 
measurement of those impulses which 
are of particular importance for the de- 
velopment and maintenance of learned 
avoidance responses is, therefore, an 
overwhelming problem. This is not so 
much the case for ANS and endocrine 
functions in which particular alterations 
may be experimentally created and their 
effects on avoidance learning studied. 
It is certainly premature to pass judg- 
ment on the relative utility of concepts 
like fear and anxiety and proprioception 
in describing the data of traumatic 
avoidance learning. 

Light and Gantt (46) and Loucks 
(51) have shown that movement of a 
limb and the consequent proprioceptive 
stimulation are not necessary for the 
development of a skeletal CR. Lauer 
(42) has further shown that a condi- 
tioned neural discharge to the dog’s 
limb muscles can be established under 
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total curarization. Thus, even when 
the dog was completely paralyzed, and 
distinctive proprioceptive correlates of 
muscular activity were therefore absent, 
avoidance responses were obtainable. 
These responses manifested themselves 
when the CS was presented after the 
effects of curarization had worn off. 
These observations do not rule out the 
possibility that Proprioceptive feedback 
could facilitate, even though it is not 
essential to, the learning of avoidance. 

It is well known that intense skeletal 
motor activity may lead to activation 
of the peripheral ANS and of many 
endocrine functions, with effects in the 
reverse direction also probable. Using 
dogs in which peripheral ANS function 
was eliminated before traumatic avoid- 
ance learning was begun, Wynne and 
Solomon (87) noted that these animals, 
compared to normal controls, showed 
much less motor “upset” and relatively 
little skeletal stereotyping of responses 
during extinction, This observation sug- 
gests that the ANS and its correlated 
feedback may have a more primary 
motivating role in such learning than 
does proprioceptive feedback. Perhaps 
the proprioceptive feedback may be in- 
hibiting, contributing a work decrement 
factor. 

Obviously, if the immediate motor re- 
action after presentation of a CS is an 
avoidance response, then other motor- 
proprioceptive processes which might be 
classified (more or less arbitrarily) as 
part of a total anxiety reaction, will not 
occur. Ina sense, then, these other, 
later processes are conserved from ex- 
tinction. This would apply to diffuse, 
classically conditioned skeletal responses 
and presumably not to other skeletal 
responses occurring at random. Schlos- 
berg (70) has described the develop- 
ment of such skeletal responses, 

Further analysis of some of these re- 
lationships may be possible using curare 
in dogs undergoing traumatic avoidance 
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learning. An extremely important step 
in this direction has been taken in the 
ground-breaking experiment by Lauer 
(42), and we are currently following 
up this work by using curarized dogs m 
traumatic avoidance learning situations. 
The preliminary findings suggest that 
there is a rapid development of condi- 
tioned anxiety reactions in dogs under 
curare. However, the presence of such 
reactions does not necessarily result in 
rapid avoidance learning when the dog 
is later tested in normal condition. 
Rather, the skeletal effects of prior 
Pavlovian conditioning of anxiety un- 
der curare seem to be mostly composed 
of the diffuse postural adjustments and 
muscular tension emphasized by Schlos- 
berg (70) in his account of classically 
conditioned skeletal reactions. P 

There seems to be no way of testing 
whether or not the motor-proprioceptive 
system may show partially irreversible ' 
changes in traumatic avoidance learn- 
ing. If portions of this system in which 
partially irreversible structural changes 
might have developed are eliminated, 
the test response of instrumental avoid- 
ance is also eliminated. However, the 
rapidity of neural transmission plus the 
high degree of structural differentiation 
in this system make it seem a very un- 
likely locus of partial irreversibility. 

Central nervous system. Within the ‘ 
CNS there are, clearly, numerous neural 
circuits which are aroused in massive 
pain-fear and anxiety reactions. Among 
these may be especially mentioned a 
well-defined circuit centering in the 
Primitive forebrain which involves 
hippocampus, fornix, mammillary body 
of the hypothalamus, anterior thalamic 
nuclei, limbic cortex, cingulum, and re- 
turns to the hippocampus (18). ‘The 
Primitive forebrain, loosely termed the 
“visceral brain” by MacLean (52), a 
Provides a system for integrating wall: 
ous intero- and exteroceptive impulses; 
complex autonomic functions are repre- 
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sented in a more organized manner here 
than in the circumscribed spot-to-spot 
representation of component autonomic 
functions in the premotor cortex (25, 
53). Another important central net- 
work undoubtedly aroused in intense 
anxiety includes the connections be- 
tween the reticular activating system of 
the lower brain stem, the thalamus, and 
the cerebral cortex (55). One or the 
Other of these systems has been re- 
pa ded by various authors (41, 47, 52, 
97) as significant in the elaboration of 
central emotion.” 
Pao physiological and anatomical 
age of connections with motor cen- 
ticul rom primitive forebrain and re- 
flee activating system is still incom- 
tte However, there do seem to be 
the east some association fibers from 
Primitive forebrain via the cingulate 
mas to cortical motor areas (85), and 
E system apparently facili- 
effere ower motor outflow (48). Major 
tive x discharge passes from the primi- 
k orebrain via the hypothalamus to 
ao ANS and to the pituitary- 
such rine system (24, 53). Through 
oe aoe mechanisms activity in 
Skelet > association areas may affect 
é al motor responses in addition to 
m more direct CNS connections to 
Otor areas. 

ai coause of the difficulty of making 
ee measurements or observations of 
ine in such CNS circuits in re- 
ate se to a CS, these CNS reactions 
alec to describe as classically 
itioned responses. Yet, if these 

Tock moe can be regarded as the 
active mediating” reactions which are 
a anes by an external CS and which 
are ey an instrumental CR, then they 
fal asically comparable to the periph- 
i acquired drives described, for ex- 
mple, as occurring with ANS reactions. 
T an interpretation seems to be 
fin q antiated experimentally by the 
ings of Brady eż al. (12). These 
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authors have shown that cats receiving 
bilateral lesions of a portion of the 
primitive forebrain, namely, the amyg- 
daloid complex and overlying cortex, 
acquired avoidance behavior of a given 
level with a significantly lower fre- 
quency than did operated or unoperated 
control animals. In this study the 
elimination of the ability to learn to 
avoid was incomplete and varied from 
animal to animal. This indicates that 
this part of the primitive forebrain, 
while not essential, probably is sig- 
nificant in the learning of avoidance. 
Whether a more complete elimination 
of the capacity to avoid would be ob- 
tained by ablation of other or greater 
portions of the primitive forebrain, or 
of other parts of the CNS, is still prob- 
lematical. 

Schreiner eż al. (72), using the same 
cats as those in the avoidance learn- 
ing study of Brady, observed marked 
changes in the sexual behavior of these 
animals which seem to be related to 
their endocrine functioning. These au- 
thors, therefore, suggest that the ob- 
served changes in behavior, precipitated 
by injury of the amygdaloid complex, 
may be due to a postsurgical state of 
altered endocrine activity. This possi- 
bility points up a difficulty in the inter- 
pretation of all ablation experiments in 
the study of avoidance learning, namely, 
that observed behavioral changes may 
be related to indirect and secondary 
changes produced by the ablation. 
However, the fact of the change sug- 
gests some sort of involvement of a 
specific brain area in the total sequence 
of physiological processes which underly 
the behavior being studied. A vast 
amount of work will be necessary, un- 
der standardized learning conditions, 
with various combinations of procedures 
which eliminate or alter various physio- 
logical functions, singly and in various 
combinations, before it will be possible 
to make full interpretations of the 
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physiological bases of such learning 
problems. , 
Little pertinent data are available 
concerning typical reaction latencies 
within these CNS circuits which have 
been thought to mediate “central anx- 
iety.” Part of the total latency, in the 
case of the reticular activating system, 
has been measured as 0.4 second, for 
the blocking of the alpha rhythm of 
the EEG after the onset of a sensory 
stimulus (47). Thus, these CNS Ja- 
tencies are probably discrete, though 
most likely a good deal shorter than 
for some of the peripheral circuits. 
Theoretically, such relatively rapid la- 
tencies in the CNS might reduce the 
applicability of the anxiety conserva- 
tion principle. However, a prompt 
avoidance response would still reduce 
the duration of exposure to the CS and 
So would reduce the Proportion of anx- 
iety which is elicited and subject to 
ordinary extinction. 

In our formulation of the principle 
of partial irreversibility of intense clas- 
Sically conditioned reactions, we have 
spoken of the Phenomenon in terms of 
decreased threshold or Sensitization. We 
have hypothesized that such changes 
would be especially likely to occur in 
those structures which are subjected 
to intense, convergent stimulation but 
which have a relatively primitive struc- 
ture for differentiating such stimulation. 
Various authors have speculated con- 
cerning the possible nature of such 
changes in the CNS. MacLean be- 
lieves that “it is possible that if a cer- 
tain electrical Pattern of information 
were to reverberate for a prolonged pe- 
tiod or at Tepeated intervals in a 
neuronal circuit, the nerve cells (per- 
haps, say, 
catalysis at Specific axon-dendritic junc- 


to respond to this Particular pattern at 
(52, p. 349). Hebb 
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has discussed the possibility that struc- 
tural changes in the form of synaptic 
knobs may develop with intense or pro- 
longed neuronal excitation (32): 
Although the reticular activating sys- 
tem is probably subjected to a great 
variety of intense afferent stimulation 
under traumatic learning conditions, 
the structure of this system is appar- 
ently highly complex and differentiated. 
Therefore, we would not expect that the 
reticular system would be a major locus 
of partially irreversible changes. Be- 
cause ablation of this system results in 
loss of consciousness of the organism, 
the possibility does not seem amenable 
to test using this experimental pro- 
cedure. More Promising is the primi- 
tive forebrain. This area, as we have 
already mentioned, brings into associa- 
tion a great variety of sensations, espe- 
cially visceral feedback, which can be 
expected to be prominent in intense 
anxiety reactions, At the same time, 
the poorly differentiated cortical cyto- 
architecture of the primitive forebrain 
(49, 50) suggests that it probably has 
little efficiency as an analyzer or dis- 
criminator of these convergent visceral 
and emotional functions. j 
These speculations are of especial in- 
terest because they seem to be in ac- 
cord with actual experimental data of 
a preliminary sort. Brady eż al. (12) 
found that cats which were given bi- 
lateral amygdala lesions after acquisi- 
tion of avoidance showed a slight post- 
operative decrement in avoidance be- 
havior. However, for the three animals 
in this experimental group, the decre- 
ment was not statistically significant. In 
the same study, Brady found that three 
other cats with lesions in the orbital- 
frontal area, which is closely related to 
the primitive forebrain, showed a com- 
plete loss of previously well-established 
avoidance responses. After two days of 
postoperative retraining these animals 
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again reached the previous avoidance 

Tesponse level. 
_We have felt that partially irrever- 
pe changes in traumatic avoidance 
earning are related to the magnitude 
pea ensiiy of convergent stimulation. 
oe of an appreciable portion of 
eee feedback during acquisition of 
he ance should interfere with the de- 
nied of CNS partial irreversi- 
e but not affect partially irrever- 
The changes previously established. 
(87) results of Wynne and Solomon 
pas hi procedures which eliminated 
et eral ANS functioning are in ac- 
that as these inferences. They found 
Be hoe en these procedures were used 
ham training was begun, avoidance 
guish py was much more easily extin- 
ones than in normal control animals. 
eiat if these procedures of ANS 
TON aon were carried out after avoid- 
ANS been learned with an intact 
havi nen 70 effect upon the avoidance 
as sad was discernible. To be sure, 
What ets did not determine 
er ` tuctures or processes had taken 
in the latter instance; certainly 
tions D are most likely. Combina- 
f ablation experiments could test 
Possibility. Thus, the physiologi- 
cane of such hypotheses con- 
ave & avoidance behavior come to 
‘igh ao tically testable consequences 
are intimately related to a po- 


tenti 
Nene coherent theory of avoidance 
tning, 


4 
of bes: reader will probably note the absence 
ablation SOP of the effects of frontal lobe 
tes onise, on anxiety reactions and avoidance 
Propria While such a discussion might be 
a a here, we felt that this would get 
Would ao neurological problems which 
Ut stil take us too far afield. For example, 
$ is not clear to what extent the effects 
frontal I lobe ablations are an index of 
ction: lobe tissue damage, damage to con- 
anq js between the frontal lobe, thalamus: 
loy, Mbic system, or retrograde damage in 
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PROBLEMS RELATED TO Lire HISTORY 
STAGES AND PSYCHOSOMATIC 
MEDICINE 


The phenomenon of partial irreversi- 
bility is assumed to be characteristic of 
classical conditioning only; it is thought 
to result from massive feedback as a 
consequence of reactions to intense 
trauma. In thinking about the impli- 
cations of such a principle, we felt that 
there might be some characteristics of 
infantile conditioning from which one 
could logically deduce some of the phe- 
nomena of early learning which vari- 
ous psychoanalysts, and in a different 
framework, Hebb, have discussed. 

Freud (23) has maintained that early 
trauma produces long-lasting influences 
on behavior. In his conception of “pri- 
mary anxiety,” early traumatic experi- 
ences, mainly birth and infantile depri- 
vation, are the basis from which later 
anxiety develops. Drawing upon a va- 
riety of clinical and experimental evi- 
dence, Greenacre (29) and Stern (82) 
have modifed and elaborated earlier 
psychoanalytic formulations of this 
problem. Two of the properties of pri- 
mary anxiety are a wide range of re- 
activating situations and a pervading 
enduringness of the tendency to re- 
activation. In contrast, postinfantile, 
situational anxiety has as two of its 
properties relative restriction to specific 
situations, and relative transientness. 
Hebb, approaching the same problem 
from the point of view of perceptual 
learning, has pointed out the enduring 
character of early perceptual organiza- 
tion: “Phase sequences” may be im- 
mutable through time when strongly 
established (32). We believe that a 
two-process learning theory, combined 
with the principle of partial irreversi- 
bility of classical conditioning, will de- 
duce these phenomena directly. 

In the first place, the infant is in- 
strumentally helpless when contrasted 
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to the adult. Thus, there is a greater 
susceptibility to intense stimulation and 
a probability that specific CS-US se- 
quences will be repeated many times. 
The infant may not have instrumental 
acts in its repertory with which it can 
terminate unconditioned stimuli quickly, 
or escape from conditioned stimuli. 
Thus, classical conditioning should be 
greatly facilitated in infantile stages. 
Pain-fear and anxiety reactions should 
be common, then, accompanied by dif- 
fuse skeletal reactions which are not 
Particularly successful, This is not to 
state that the infant cannot control its 
environment to some extent. Rather, 
we think that the infant cannot do it 
as well as, say, the adolescent; and this 
leaves him, to a relatively great extent, 
a pawn of certain environmental stimu- 
lus sequences, In addition, early con- 
ditioning would be characterized by 
broader stimulus generalization, due 
mainly to the lack of conditioned dis- 
criminatory reactions and precise verbal 
symbols, Then, too, it is possible that 
a “new,” Possibly more “plastic” nery- 
ous system might be much more likely 
to show large-scale reorganization in 
the face of traumatic conditions. All 
of these Considerations lead us to be- 
lieve that early traumata are more 
likely to Produce partial irreversibility 
of classical conditioning than would 
later traumata, 

Later traumata will have somewhat 
different consequences. Here we can 
expect quick instrumental action, so 
that the repetition of CS-US Pairings 
would be greatly cut down. We would 
expect a lot of conditioned avoidance 
reactions of a fairly discrete nature to 
develop, but no extremely strong clas- 
Sically conditioned anxiety reactions in 
most cases. With overwhelming trauma, 
however, Wwe might find Partial irrever- 
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that this may happen with catastrophic 
war experiences, for example. 

From one point of view, what we 
have suggested is that early, severe 
traumata are likely to produce clas- 
sically conditioned emotional responses 
of a lasting sort. Later severe trau- 
mata are more likely to produce a va- 
riety of instrumental acts of a high 
strength. Visceral and hormonal con- 
ditioning should, therefore, be more 
characteristic of early traumata and be 
elicited by broadly generalized situa- 
tional stimuli. Neurotic symptoms, 
such as phobic acts, compulsive behav- 
ior, etc., should be characteristic of 
later traumata, and they should have 
high specific symbolic content. If we ac- 
cept such speculation, we then are Jed 
to conclude that many psychosomatic 
disturbances would be derivatives of 
early traumata, whereas the predomi- 
mance of neurotic symptoms (avoid- 
ances, phobias, compulsions) should 
characterize later traumata. 

One additional characteristic of later 
trauma should be considered. Verbal or 
symbolic capacity would greatly com- 
plicate stimulus generalization which 
takes place with reference to condi- 
tioned stimuli, Depending upon the 
attitudes of the individual, the prior 
categorizations of events, and degree of 
differentiations available at the verbal 
level, the meaning of a CS-US sequence 
could be quite complex. Reality test- 
ing would also be complex, therefore, 
and might be carried on symbolically to 
a great extent. This complex differ- 
entiation would be less the case in in- 
stances of infantile traumata. Stimu- 
lus generalization would follow inherent 
gradients, would be relatively free of 
specific symbolic interpretations. Re- 
ality testing would be more closely 
bound to extinction principles, and 
would consist mainly of dissociating 
conditioned stimuli from unconditioned 
stimuli. Thus, we would expect reality 
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testing in later traumata to be highly 
verbal; reality testing for early trau- 
mata would be highly inarticulate. 


RELATED PsyCHOTHERAPEUTIC 
PROBLEMS 


ee interesting to note some of the 
ce ications of the principles of anx- 
bile st aie and partial irreversi- 
ied or the appropriateness of psycho- 
oF E procedures for various kinds 
E oma Psychotherapy relying 
lior., apan the environmental manipu- 
pulsiy an alteration of obsessive, com- 
a = or phobic behavior would, using 
ee oy seem to depend upon 
ae stitution of one instrumental re- 
red for another. Such therapeutic 
cially ER might bring about more so- 
o desirable behavior, but could not 
a ise to remove completely the 
which, T conditioned anxiety reactions 
neur, „eicit one form or other of the 
ee behavior. 
eT therapeutic approach might 
Motivation introduction of competing 
US sit an or the introduction of stimu- 
Sponses — which elicit strong re- 
Otis ayar at are incompatible with neu- 
tim ence responses. But the in- 
Proced undergoing such therapeutic 
able se would still “feel uncomfort- 
a anxious” in certain situations. 
ogniti ould be true even if the whole 
ve organization of the individual 
Senge CC" drastically modified. In a 
ani, “a the various cognitive and 
kardad ative procedures can be re- 
tinctio as conserving anxiety from ex- 
ú re Processes. For example, com- 
tied o hand washing is typically car- 
antasied before anxiety over real or 
én e dirt is fully experienced. 
aa patients are prevented from 
a hands under such stimu- 
ay e itions, marked anxiety or panic 
Skille gli From this standpoint, the 
th Psychotherapist is able to help 
Patient to let his anxiety be re-ex- 
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perienced in a supportive setting (so 
that the therapist is not thereafter 
avoided in common with other panic- 
provoking stimuli! ). 

Such a therapeutic procedure is in ac- 
cord with the principle that classically 
conditioned reactions must actually oc- 
cur if they are to undergo extinction. 
A considerable decrease in the intensity 
of symptoms can be expected if the 
therapist establishes a relationship with 
the patient which duplicates parts of 
the conditioned stimulus pattern asso- 
ciated with original traumatic experi- 
ences. Optimally, an intense transfer- 
ence relationship can make possible 
nonverbal reality testing and the partial 
alleviation of anxiety having preverbal 
origins. 

However, according to the principle 
of the partial irreversibility of traumatic 
anxiety reactions, there will be certain 
definite limitations on the “curing” of 
behavior arising from early, “primitive” 
traumatic experiences. This will also 
hold true for psychosomatic symptoms 
which may be a more direct manifesta- 
tion of early conditioning. Complete 
freedom from a tendency to manifest 
such symptoms could not be expected, 


even with the most advantageous course 


of therapy. 
(The authors have been informed by 


several individuals who have person- 
ally undergone prolonged and successful 
psychoanalysis that conscious efforts to 
relive in fantasy their most anxiety- 
provoking life experiences still reacti- 
vate a discernible residual of this anx- 
jety which was once much more con- 
siderable in degree. However, these 
individuals feel they have sufficiently 
learned to discriminate these anxiety- 
provoking situations of early life from 
those situations ordinarily occurring in 
adulthood. Such distinctions, of course, 


involve gradients, not sharp demarca- 


tions.) 
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SUMMARY 


We have presented a highly specula- 

tive analysis of anxiety and avoidance 
learning. The central assumptions of 
the analysis were: (a) there are two 
basic acquisition processes, the classical 
conditioning of emotional reactions and 
the instrumental learning of skeletal re- 
sponses; (5) the laws of emotional con- 
ditioning are those of Pavlovian condi- 
tioning, where the relationship between 
a CS and a US is of prime importance; 
(c) the laws of skeletal response modifi- 
cation are those of reward and punish- 
ment learning, a Thorndikian or Hullian 
conception; (d) in the case of avoid- 
ance conditioning, the analysis of ex- 
tinction phenomena can be more easily 
made if we introduce the principle of 
“anxiety conservation,” a theoretical 
label for complex interrelations be- 
tween the strength of anxiety reactions 
and instrumental avoidance responses; 
the central idea in the principle of anx- 
iety conservation is that short-latency 
avoidance responses will prevent the 
CS from arousing anxiety reactions, 
thereby conserving conditioned anxiety 
reactions from extinction; (e) in the 
case of intense trauma as the US, the 
classical conditioning of emotional re- 
actions is partially irreversible, and ex- 
tinction of such reactions can only be 
partial at best; the central idea in the 
“principle of partial irreversibility” of 
emotional conditioning is that feedback 
from peripheral ANS reactions results 
in an overloading of rather primitively 
differentiated areas of the “emotional 
brain.” 

The consequences of such an analysis 
have been discussed with an eye to both 
behavioral and physiological research 
on anxiety and avoidance learning. We 
have included highly selected applica- 
tions of our analysis to research on 
avoidance learning, psychotherapy, and 
psychosomatic medicine. We haye spe- 
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cifically worked out implications of the 
analysis for: (2) extinction of anxiety 
reactions, (b) extinction of instrumen- 
tal avoidance responses, (c) the effec- 
tiveness of reality testing therapeutic 
Procedures, (d) the use of reward and 
punishment in facilitating the extinction 
of instrumental avoidance responses, (e) 
the effects of trauma at various stages 
in life history, and (f) the limitations 
and appropriateness of certain psycho- 
therapeutic methods in alleviating anx- 
iety and overt neurotic behavior se- 
quences. We have not hesitated to in- 
troduce very speculative physiological 
considerations wherever we felt that it 
might stimulate new research or sug- 
gest new approaches. The role of the 
peripheral ANS, the endocrine system, 
the proprioceptive system, and certain 
areas of the CNS were discussed rela- 
tive to anxiety reactions and avoidance 
learning. 

In conclusion, the authors feel that 
they have not enunciated a “theory.” 
Rather, they have presented some ideas 
and speculations which have been per- 
sonally useful in Organizing some facts 
of psychology. Some of these ideas 
have empirical consequences and so the 
wildness of speculation may perhaps be 
excused, 
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THE PSYCHOANALYTIC THEORY OF CONFLICT: 
STRUCTURE AND METHODOLOGY? 


ALLEN T. DITTMANN? AND HAROLD L. RAUSH 
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Although some criticisms of psycho- 
analytic theory can be laid at the door 
of the personal motivations and uncon- 
scious resistances of the critics, there is 
something to the view that workers in 
the field do not have available to them 
any concise and complete statement of 
the structure of psychoanalytic theory. 
Accordingly, there is a large group who 
mistake the content of psychoanalytic 
findings for the structure of psycho- 
analytic theory, and believe, for ex- 
ample, that the stages of psychosexual 
development and the standard list of 
defense mechanisms are coterminous 
with the theory itself. Caught in this 
confusion, many investigators have con- 
tented themselves with attempting to 
“prove” or “disprove” “psychoanalysis” 
on the basis of studies of certain con- 
tent elements of the theory. There can 
be no doubt that the investigation of 
isolated aspects of psychoanalytic the- 
ory may furnish us with factual infor- 
mation and with broad differentiations. 
We believe, however, that only through 
understanding and utilizing the struc- 
tural interrelations among the concepts 
of the theory can we make use of the 
real power and research potential which 
the theory may offer, or enter into 
legitimate conceptual refinements and 
revisions. 

The purpose of this Paper is, there- 
fore, to outline these structural inter- 
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relations. We shall concern ourselves 
with the psychological processes that 
Psychoanalysis posits as necessary for 
the understanding of certain behaviors. 
In view of our limited purpose, it will 
be necessary to omit or reduce discus- 
sion of many relevant aspects and com- 
plexities of psychoanalytic theory. Thus 
we shall not deal, for example, with the 
theories of psychosexual stages, system 
structure (id, ego, superego), intrasys- 
tem problems, differentiation of 1m- 
pulses (sex and aggression), primary 
and secondary processes, or with many 
clinical and technical problems. Our 
Presentation is drawn from Freudian 
Psychoanalytic theory; after presenting 
the theoretical outline, we shall examine 
the research methodology from which 
this viewpoint developed, and discuss 
some research directions toward which 
psychoanalysis points, 


Sources of Data for the Theory 


In order to understand the structure 
of the theory and its sometimes confon 
ing syntax, it is first necessary to loo 
at the sources of data used in its de- 
velopment. Many sources have been 
drawn upon, from ethnological field E 
ports to children’s drawings, but all © 
them have been used chiefly as collabo- 
rative evidence for an already growing 
theory: the primary source of data has 
always been the productions of psycho- 
neurotic patients undergoing therapeutic 
analyses. The fact that the data sup- 
plied by patients did 
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situation did not fit his own early for- 
mulations led Freud and his new co- 
workers to make every major change, 
expansion, and development that the 
theory has undergone up to the present 
time. 

Psychoanalysis developed in a clini- 
cal setting as a therapeutic measure, at 
first particularly for hysterical patients; 
it was primarily a psychology of the un- 
Conscious (13, p. 128). One of the first 
clinical facts that Freud recognized was 
that a psychology not based on uncon- 
_ scious sources of motivation was inade- 
quate either for understanding or for 
treating neurotic patients. The method 
Of free association was gradually evolved 
as the most economical method for 
Clarifying unconscious sources of be- 
havior and their effects. The basic as- 
Sumption of this method is that free as- 
Sociations are indeed not “free,” but are 
rather highly determined by unconscious 
Motivations. The fundamental rule “to 
Say everything that comes into your 
mind, whether it seems important or 
unimportant, relevant or irrelevant,” is 
designed to minimize the influence of 
Consciously directed thought processes, 
and to maximize the influence of un- 
Conscious factors. Other aspects of the 
analytic situation as it is usually con- 
Stituted—the reclining position of the 
Patient, the subdued atmosphere of the 
Consulting room, the position of the 
analyst out of direct sight of the pa- 
tient—are similarly designed to maxi- 
Mize the influence of unconscious fac- 
tors in the patient’s “free” associations. 

Derivatives as behavioral resultants 
of unconscious conflict. Under these 
traditionally analytic conditions, many, 
though not necessarily all, of the pa- 
tient’s productions in the analytic hour 
are derivatives of his unconscious con- 
flicts, That is, these productions are 
representatives of the same conflicts 


that have led him into the difficulties 


for which he bas sought treatment. 
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Precisely what conflict the patient’s pro- 
ductions represent is at first unknown 
to both patient and analyst. Even the 
fact that his productions do represent 
conflict may be unknown to or of no 
concern to the patient, but this fact is 
the major assumption under which the 
analyst operates. Were the associations 
(or sometimes the lack of them) not 
representative of conflict, and were they 
not disguised representatives of uncon- 
scious conflict (that is, derivatives), 
the patient would have little need or 
motivation for treatment—he could deal 
with reality as adequately as the situa- 
tion allowed, and with a minimal de- 
gree of discomfort. 

Let us consider a clinical example of 
the production of derivatives, an ex- 
ample which we may use for further 
discussion of derivatives and of their 
importance to the structure of psycho- 
analytic theory. A student has diffi- 
culty in submitting papers on time. 
While he feels that he is capable of “A” 
work, he usually manages to get an Ar 
or a B+. Problems such as this are 
so common in student populations that 
to speak of them as derivatives of un- 
conscious conflicts is at this point fool- 
hardy. But let us go a step further. 
When our student gets an A, we are sur- 
prised to learn that he feels vaguely 
dissatisfied: the instructor has misun- 
derstood him, has praised the wrong 
things. What is more, our student now 
feels that the ideas are no longer his, 
that he has given in to external pres- 
sure and has let his ideas and thoughts 
be taken away from him. Yet at the 
same time he does want to express these 
ideas and wants them to be appreci- 
ated. His communications to the thera- 
pist follow the same line. As soon as 
he has communicated a thought, he feels 
dissatisfied and tries in various ways to 
nullify what he has said. He feels that 
the thoughts he has expressed are no 
longer his, but are rather the property 
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of the therapist. He blocks at a point 
where he is discussing his difficulties 
in communicating to the therapist, and 
the latter inquires as to the thought at 
the point of blocking. The patient em- 
barrassedly confesses having thought of 
feces, but disclaims this as an irrele- 
vant, nasty thought, and can go no fur- 
ther with the subject. We continue to 
discover similar patterns in his other 
interpersonal relationships: we find that 
he wants to give himself up completely 
in an all-encompassing intimacy with 
his friends, surrendering his ideas and 
his will, yet he finds himself in sudden 
bouts of temper and resentment, fight- 
ing in strange ways to maintain his in- 
tegrity. He sees women clutching at 
him and trying in devious ways to trap 
him and get something out of him. 
Sexual expression and sexual curiosity 
he feels are signs of his vulnerability 
and must be denied. At times he fan- 
tasies being overwhelmed and raped by 
one more powerful than he. 


Tue THEORETICAL STRUCTURE 
or PSYCHOANALYSIS 


The derivative as compromise be- 
havior. In clinical examples such as 
the one cited above, the therapeutic 
situation has allowed for intensive, 
long-time exploration of the meaning 
of the derivatives in terms of conflicts 
underlying them. We have the op- 
Portunity to learn how such seemingly 
superficial behaviors as not submitting 
term papers on time are ramifications 
of early childhood experiences. We 
may, however, observe the formation of 
derivatives in other situations, too, al- 
though the Opportunities for exploring 
their sources are usually not so avail- 
able to us. Dreams, slips of the tongue, 
symptoms are examples. All of these 
phenomena are compromises between 
opposing forces which make up uncon- 
scious conflicts within individuals. The 
behavior involved in the compromise 
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always expresses in a disguised form 
some impulse which would be other- 
wise unacceptable. The disguise itself 
functions so as to allow expression of 
the impulse in such a way that the 
anxiety which would follow direct ex- 
pression of the impulse is not so likely 
to be aroused. The processes by which 
the disguises are accomplished are known 
as the defensive functions of the ego. 
Thus, the very naming of a bit of be- 
havior as a derivative implies a com- 
plex theoretical structure: an impulse 
striving for expression, the direct ex- 
pression of which would involve anx- 
iety, and defensive maneuvers to allow 
some expression with minimal anxiety. 


Impulse 


Let us begin our analysis of this 
theoretical structure with a considera- 
tion of impulses. The exact nature of 
basic impulses is not known, and the 
issue of their explanation is a confused 
one. Freud, himself, seems always to 
have been dissatisfied with his formula- 
tions in this area, and was careful to 
point out the tentative state of his con- 
ceptualizations.* 


3 Psychoanalytic writers using the term 
“derivative,” generally speak of “derivatives 
of unconscious impulses.” These refer, as 
above, to distorted forms of impulse expres- 
sion which‘ occur when direct impulse expres- 
sion is impossible because of anxiety. The 
context of the writings makes it clear that the 
distortion process is as important as the ex- 
pression, and that derivatives may be consid- 
ered in terms of their degree of distortion of 
the original impulse. Since the distortion is 
a function of defensive processes, the deriva- 
tive always represents both impulse and de- 
fense (6, p. 57). We believe, then, that it is 
more consistent to speak of a derivative as 
the resultant of an impulse-anxiety-defense 
conflict. 

*One such remark was made in the New 
Introductory Lectures on Psycho-analysts- 
“The theory of the instincts is, as it were, our 
mythology” (15, p. 131). The historical de- 
velopment and problems associated with this 
theory are discussed by Bibring (2). 

We use the English word “impulse” here for 


N 
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We shall tentatively define impulse 
as a physiologically based tension state 
that sets behavior in motion. Freud 
(11) describes impulses as having (a) 
impetus, which is the motor element of 
drive, the force it represents; (b) aim, 
which is, in general, discharge of the en- 
ergy or satisfaction; (c) object, which 
is the instrument through which satis- 
faction may be attained; and (d) 
source, which is the physicochemical 
State of the organism.’ 

Impetus. We may consider impetus 
as representing the quantitative strength 
of an impulse, a strength which varies 
from time to time. It decreases when 
Certain specific behavior patterns occur 
in conjunction with specific environ- 
Mental opportunities; it increases either 
where the specific behavior pattern fails 
to occur or where the environment fails 
to present the appropriate opportuni- 
ties. In words more generally used by 
Psychoanalysts, the impetus of an im- 
purse decreases with satisfaction and in- 

eases with inhibition or deprivation. 
Ps While it is true that the aim 
oa is always toward discharge, 
ie ard an eventual lowering of tension 
mae the process may be inhibited or 
a slected, and the modes of achieving 

is aim may be varied. At times 
Freud seems to use the word “aim” to 
clude differing modes of impulse satis- 
faction. An example of this confusion 
May be found in his discussion of the 
Change of aim” of an impulse from ac- 
tive to passive, as scoptophilia to ex- 
hibitionism, and sadism to masochism 


ie German Trieb, which has usually been 
Tanslated “instinct,” and occasionally “drive” 
7, p. 12), 

m. Freud appears to have dropped the term 
è Petus in his later writings, though equiva- 
oo concepts appear in his discussion of 
T ength of instincts (16); Fenichel (7) dis- 
cusses aim, object, and source as character- 
istics of instincts, but Sterba (25) includes the 
Concept of impetus in his discussion, though 
© calls it “drive.” 
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(11, p. 72). Here the phrase “change 
of aim” should more properly read 
“change of mode for achieving aim,” as 
Freud wrote elsewhere in the same pa- 
per (11, p. 69). 

It should be noted that the immedi- 
ate satisfaction of some impulses, such 
as respiration, is imperative to the life 
of the organism, whereas for other im- 
pulses, greater and perhaps indefinite 
delay can be tolerated. Similarly modes 
of satisfaction are more variable for 
some impulses than for others. 

Object. Impulses vary in the range 
of objects that may serve to reduce their 
impetus. Respiratory needs, for ex- 
ample, can be satisfied only by breath- 
ing air. Sexual impulses, on the other 
hand, can be satisfied by a wide variety 
of objects and by various modes. The 
impulses most relevant to psychology 
are those most amenable to variation in 
mode of expression and in object. These 
impulses are important because they are 
the ones most subject to environmental 
influences and hence can become the 
foci of interpersonal conflict. 

Source. Freud’s belief in physico- 
chemical states as the sources of all im- 
pulses forms the basis of his biological 
viewpoint. He even hoped for a state 
of knowledge which would allow classi- 
fication of impulses on the basis of 
their sources (11). We are still unable 
to fulfill these hopes, although the time 
may yet come when we will be able to 


do so. 


Psychological Representations of Im- 
pulse 

In talking about impulses as physio- 
logical states, it is of the utmost im- 
portance to recognize that these states 
themselves are not psychological phe- 
nomena. The psychological phenomena 
are, rather, the tensions experienced 
by the individual, tensions which carry 
with them, to a greater or lesser degree, 
content of associations with other ex- 
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periences. These tensions are not nec- 
essarily related in a one-to-one fashion 
with fluctuations in the physiological 
state of the organism. Thus, opera- 
tionally it is necessary to distinguish 
between the physiological state that re- 
sults from food deprivation, for ex- 
ample, and the experience of the result- 
ing tensions. This psychological hunger 
varies not only as a function of the 
physiological state, but also as a func- 
tion of such conditions as age and 
previous experience of the individual. 
These psychological concomitants of 
physiological states are what Freud 
called “impulse presentations” (12). 
In most clinical writing the concepts 
of impulse and impulse presentation 
have unfortunately been confused, so 
that the term impulse has come to be 
used as a standard expression for im- 
pulse presentation. Consequently, in 
psychoanalytic literature, impulse vari- 
ously refers to: (a) an energic, “driy- 
ing,” physiological force; (b) the psy- 
chological representations of such forces; 
and (c) residues of experiences with 
such forces. 

We may illustrate this confusion by 
considering again the case of the stu- 
dent cited above. For this man, cur- 
Tent sexual tensions, when they arise, 
are accompanied by a multiplicity of 
contents. It may be possible to speak 
of each of these contents as independ- 
ent impulses or as fusions of them, e.g., 
Scoptophilic, passive-dependent, anal, 
homosexual, and other impulses. How- 
ever, to the extent that we believe these 
factors to be modifiable, an inconsist- 
ency is involved in speaking of them as 
impulses in the sense of independent 
physiological tension states. We should 
rather speak of such tendencies as im- 
pulse Presentations concomitant with a 
physiological imbalance, which in this 
case is sexual tension. It seems rea- 
sonable to suppose that our patient’s 
twistings and turnings with respect to 
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sexual impulses are not a function of 
struggle between impulses, but rather 
that they are a function of memory 
traces (cf. 9, ch. VII) resulting from 
his own unique experiences. These ex- 
periences have influenced the course of 
handling states of physiological imbal- 
ance. 

In the case of another patient, psy- 
chological tensions were always so high 
that no one physiological state could 
be differentiated from any other. She 
stated, for example, that she never 
“felt hungry,” but ate when her watch 
pointed to the traditional times for 
meals. In the course of treatment she 
came to know periods of relaxation 
during which specific tensions could be 
felt. Impulse and impulse presenta- 
tion were remarkably separate from 
each other for this patient. 


Anxiety 


Primary anxiety or panic. For any 
individual, experiences may have been 
favorable or unfavorable to the expres- 
sion of a given impulse, that is, to the 
correct interpretation of a physiologi- 
cal imbalance and to behavior that will 
lead to the reduction of this imbalance. 
Where experience is favorable, the in- 
dividual gradually develops techniques 
for achieving impulse satisfaction, and 
evaluations of the appropriate times 
and places for impulse satisfaction- 
Such learnings may be made simple or 
complex, either by society or by par- 
ents as particular representatives of 
society. As long as society provides 
channels for discharge and adequate re- 
wards for approved modes of discharge, 
learning is a continuously modifying 
process. That is, experience becomes 
checked and modified by new experi- 
ence. 

But in the case of our patient, we 
may note that he avoids those situa- 
tions which are appropriate to impulse 
expression, and that he misinterprets 
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both the external world and what we 
infer to be his physiological needs. He 
is furthermore strikingly persistent in 
his misinterpretations, despite the seem- 
ing discomfort that these misinterpreta- 
tions bring. The evidence he presents 
leads us to believe that experiences in 
his life had the peculiar effect of pre- 
venting him from profiting by new ex- 
periences. How does psychoanalytic 
theory account for such a state of af- 
fairs? 

The expression of any impulse or of 
all impulses may be accompanied by 
intense threat in the early experience 
of an individual. This threat consists 
of the overwhelming of the psychic 
apparatus by tensions attendant upon 
physiological imbalances that the in- 
fant cannot satisfy by himself. These 
imbalances may be the result of the 
normal periodic rise of needs which 
parental figures have not yet satisfied 
at the moment, or they may result from 
external causes such as parental treat- 
ment, disease, and the like. Where 
Parental treatment in relation to im- 
Pulse expression leads to such over- 
whelming threat, the threat is likely to 
be a repeated experience, either be- 
cause of institutionalized child-rearing 
Practices or because of the individual 
parent’s persistent needs and fears. The 
response of the infant to such trauma 
has been called primary anxiety (7, pp- 
132 ff.). 

In its theory of genetic development, 
Psychoanalysis proposes certain physio- 
logical and psychological stages. For 
the purposes of the present paper it is 
Not necessary to go into the details of 
these stages; they have been described 
adequately elsewhere (3, 5, 7). What 
is relevant here is that these stages 
are associated with certain impulses and 
threats to their expression, and conse- 
quently have potentiality for becoming 
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focal points for primary anxiety.° The 
panic experience of primary anxiety is 
so painful that the psychological repre- 
sentation of the impulse comes to be re- 
garded as dangerous. Similarly, affects 
and images which are concomitant with 
the experience of primary anxiety often 
come to be perceived as dangerous. Ac- 
cording to the theory, such experiences 
and their psychological connections tend 
to undergo repression and are retained 
as unconscious memory traces. 
Secondary anxiety and memory traces. 
Having experienced primary anxiety, 
the infant is sensitized to those events 
which might rearouse panic. These 
events may take two forms: (a) from 
the impulse side, any increase in the 
impetus of the specific impulse; (0) 
from the side of the external world, any 
situation which is provocative of im- 
pulse expression or which is similar to 
the events surrounding the earlier ex- 
perience of panic. In either form, such 
events bring about expectations on the 
part of the individual that a panic of 
the same intensity as the original one 
will arise. The individual is conse- 
quently always on the alert for cues 
from within and from without that will 
signal an impending danger similar to 
that experienced in the past. This sig- 
naling, which is an attenuation of the 
earlier panic experience, is known as 
anxiety. In Freud’s words, “Anxiety 
. is the expectation of the trauma 
on the one hand, and on the other, an 
attenuated repetition of it” (14, p. 114). 


6The question of the first experience of 
ety and its effects on later experiences of 
as been one of controversy to the 
point of forming separate “schools” of psy- 
choanalysis: the intense pain of hunger in the 
first few weeks of life, the shock of birth, or 
prenatal experiences have all been posited as 
the primary experience. All writers agree, 
however, that no matter what the initial cir- 
cumstances might have been for an individual, 
later experiences of anxiety are in some sense 
referred to earlier ones. 


anxii 
anxiety h 
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The individual’s problem, then, is to 
use the anxiety signal to become active 
and thus prevent the attenuated panic 
from developing into a full-blown one. 
Since impulses continue to arise and 
tend toward motor expression, there is 
an ever recurrent pattern in the life of 
the individual: anxiety develops and 
attempts are instituted to prevent anx- 
iety from growing into panic. The 
theory seems to imply (7, p. 143 f.) 
that under such circumstances new ex- 
periences do not function so as to 
modify infantile patterns of behavior 
and perception, but rather become as- 
similated into the memory traces con- 
nected with the impulse.” We must as- 
sume that any expression or recognition 
of the nature of the impulse or of the 
memory trace would lead to a recur- 
rence of the original panic, We shall 
have more to say about this, but let us 


turn first to the role of the current 
situation. 


The Role of the Current Situation ® 


At any given time, the momentary 
strength of an impulse is a function of 
two factors: (a) from within, it is re- 
lated to impetus, which is a function of 
the state of deprivation of the organ- 
ism, as described above; (b) from with- 
out, it is related to the “provocative- 
ness” of situations for the expression of 


‘The theory is not cl 
course of events depends on the quantitative 
level of momentary anxiety and/or the in- 
tensity of the original panic, or whether it de- 
pends on the qualitative presence or absence 
of anxiety. The question is a crucial one for 
“ego Psychology” (17). 

8 The current situation i 
as a systematic variable in Psychoanalytic 
theory. Its role is, however, clearly implied 
in many Psychoanalytic writings. See, for 
example, the discussion on the role of the ex- 
periences of the Previous day in the Process 
of dream formation (9), and the effects of 
the current situation in relation to psycho- 
therapy (16). The concept of momentary 
impulse strength does not appear in psycho- 
analytic writings, but seems useful to us. 


ear on whether this 


s rarely considered 
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the impulse. The provocativeness of 
various situations for impulse expression 
is a difficult psychological problem. As 
we have pointed out in the above dis- 
cussion of object, there may be cultural 
variations in the range of appropriate 
situations for impulse expression. Be- 
yond these variations, there are modifi- 
cations as a function of individual train- 
ing. Nonetheless, it is necessary to 
assume that biologically some impulse- 
situation configurations are more “natu- 
ral” than others, and that cultural modi- 
fications must confine themselves within 
certain limits. In the ecology of events 
in the environment, more and less pro- 
vocative situations will occur for any 
given impulse. The greater the pro- 
vocativeness of the situation, at any 
given degree of impetus, the greater will 
be the momentary impulse strength. As 
momentary impulse strength increases, 
the greater will be the tendency to- 
ward direct impulse expression, and the 
greater the energy required to inhibit 
direct expression. i 
Impulse expression does not occur in 
vacuo, but rather requires commerce 
with the environment. Thus people 
will seek out situations for impulse 
satisfaction when impetus increases. 
Where “natural” situations are unavail- 
able, or where they are too anxiety pro- 
voking because of memory traces re- 
lated to the impulse, then substitutions 
are found for the more natural ones. 


Defense 


There is a host 
the inhibition of 
First, the impetus 
increase. 
there is a 
arousal o 
in the 
Second, 
increase 
vidual 
maintai: 


of consequences tO 
impulse expression. 
of the impulse will 
With this increase in impetus 
n increasing likelihood of re- 
f panic if the latter is latent 
memory trace of the impulse- 
the increased impetus demands 
d effort on the part of the indi- 
to prevent panic; in order tO 
n equilibrium within the system, 
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energy must be expended for the pre- 
vention of panic. The energy bound up 
in this process, which has been called 
countercathexis, is not available for 
other organismic functions (7, p. 141 f.). 

Let us consider the case where there 
is increased impetus and a “provoca- 
tive” environmental situation. Let us 
consider, furthermore, that the experi- 
ence of the individual (in the form of 
memory traces in the impulse presenta- 
tion) has been such that greater in- 
crease in the momentary impulse strength 
will arouse panic. Anxiety signals this 
possibility of panic, and becomes a cue 
for the organism to institute defensive 
measures against panic. Such defen- 
siveness may take many forms. In 
some of these forms anxiety is allayed 
by avoiding recognition of or by dis- 
tortion of the impulse; other forms 
function so as to avoid recognition of 
the provocativeness of the situation 
or by distortion of the situation. All 
defensive maneuvers to some extent and 
at some level avoid or distort the rela- 
tionship between impulse and situation. 
When, as a function of anxiety, such 
distortions are necessary, new situations 
do not serve to alter perceptions or be- 
havior in relation to impulses and their 
Satisfaction.*° 


Behavioral Resultants: Derivatives 


Having come by the devious route 
through discussion of impulse, memory 
trace, situation, anxiety, and defense, 
we are finally in a position to consider 
the behavior that results from the in- 
terplay of all these factors: the deriva- 
tive of an unconscious conflict. In psy- 
choanalysis behavior is seen either as 


9 The classical classification of defenses may 
be found in Anna Freud’s The Ego and the 
Mechanisms of Defence (8). , 

10 We have left the concepts of guilt and 
shame out of our discussion. These are often 
considered to be forms (with certain unique 
characteristics) that anxiety may take (7)- 
These also lead to inhibitions and defenses. 
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rational, reality-oriented, appropriate, 
and goal-directed, or as irrational, ir- 
reality-oriented, inappropriate, and di- 
rected toward anxiety avoidance. Our 
judgments on these issues leave some- 
thing to be wanted. Nevertheless, we 
can make approximations. Where be- 
havior is consciously directed toward a 
goal; where it is integrated with other 
behaviors; where it is capable of modi- 
fication with the acquisition of infor- 
mation; where interruption of the be- 
havior leads to a search for other means- 
end objects or rational subgoals or 
substitute goals; and where completion 
of a behavior sequence results either in 
satisfaction or a modification of behav- 
ior, then we deem behavior to be ap- 
propriate. On the other hand, where 
an individual’s behavior appears to be 
unintegrated and inconsistent with his 
other behaviors; where it is incapable 
of modification in the light of situa- 
tional variants; where interruption leads 
to anxiety; and where completion of a 
behavior sequence leads neither to satis- 
faction nor to a modification of the se- 
quence, we are led to believe such be- 
havior to be a derivative of an uncon- 
scious conflict.** 

Let us turn once more to our clinical 
example for concrete illustration of the 
abstractions we have been discussing. 
We do not know the specific natures of 
the impulses we are dealing with. We 
have evidence in the case of the stu- 
dent that there is a common impulse 
presentation that arises when he ap- 


11 These listings are not to be construed as 
complete descriptions of “rational” and “ir- 
rational” behavior. Psychoanalytic theory has 
for the most part been concerned with ir- 
rational behavior. Freud himself was much 
interested in understanding rational behav- 
jor (cf. 20), and there are attempts currently 
at a psychoanalytic psychology of rational 
behavior (5; 17; 18; 22; 23, pp. 689-731). 
Recent psychoanalytic writings (cf. 17) imply 
that the distinction between rational and ir- 
rational processes and behavior is not as clear 
cut as we have suggested here. 
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pears to be seeking, or when situations 
call for responses of love, affection, sex, 
warmth in relationships. Such affects 
in the patient’s past have been associ- 
ated with panic. When in his early life 
wishes relating to these affects appeared, 
the patient’s mother reacted with anx- 
iety and treated him in such a way that 
psychological and physiological equilib- 
rium could not be re-established. When 
he is currently tempted (either by re- 
current impulse increases or by provoca- 
tive situations) toward expressions in 
these areas, the memory trace of panic 
gives rise to anxiety. This the patient 
tries to allay by projection—he per- 
ceives others as making demands on 
him, and then complies with these per- 
ceived demands, but always in such a 
way as to create the impression that he 
is not doing his best. He thus leads 
people to believe that there are vast 
areas of untapped potentiality in him 
(as indeed there are), and they seek to 
guide and encourage him. In this man- 
ner he obtains some measure of love, 
while at the same time he is able to 
deny that he himself is seeking it. The 
behavior, as we see, exhibits both im- 
pulsive aspects (for example, seeking 
love) and defensive aspects (for exam- 
ple, projection). 

By its very nature as the resultant of 
an unconscious impulse-defense conflict, 
a derivative does not provide true im- 
pulse satisfaction. At best, it lowers 
tension level momentarily.*? Because of 
its unreality aspects, the production of 
derivatives tends to become Progres- 
sively complicated, as for example when 
our patient feels resentment toward the 
People upon whom he has Projected his 
own demands, The Tesentment against 
external demands has in its turn mem- 
ory traces associated with it, in terms 


12 How a response which does not lead to 
direct physiological satisfaction of an impulse 
can lower tension level at all is unclear in the 
theory. 


of the threat of loss of love. Anxiety 
arises when the expression of resent- 
ment is imminent, and further defen- 
sive measures are instituted by denial 
of affect. The resulting derivative be- 
havior is often a superficial politeness 
which carries a tinge of supercilious 
condescension. The progressive devel- 
opment of this process has been referred 
to as the layering of defenses (6, 7, 24). 
Thus, the less satisfying the derivative: 
the greater the likelihood for more com- 
plicated defensive structure; the greater 
the amount of energy expended in main- 
taining the structure itself; the more 
numerous the areas of living permeated 
by pathology; and the less energy left 
over for other satisfactions, 
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ANALYTIC RESEARCH i 


Psychoanalysis developed rather inde- 
pendently of the tradition of experi- 
mental psychology. Psychology, in its 
academic setting and in its conscious- 
ness of itself as a new science, has con- 
sistently had the inclination and has 
found the time to examine the status of 
its methods. Psychoanalysis, on the 
other hand, developed in a clinical set- 
ting. The training of its workers, the 
daily exigencies of its practice, and the 
impelling force of the fruitfulness of its 
discoveries, have militated against a 
careful perusal of the assumptions and 
methods of its research. Though there 
are some exceptions, it is only recently 
that psychoanalytic writers have begun 
to turn from clinical problems back to 
the more general theoretical issues which 
So concerned Freud and his early co- 
workers (cf. 20). If we give any cre- 
dence to the discoveries of psychoanaly- 
sis, it is to the interest of not only clini- 
cal workers, but to all those concerned 
with the behavioral sciences, to look 
seriously at its methodology. For it 
would seem specious to accept its dis- 
Coveries, even if only as a fruitful 
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source of hypotheses, and simultane- 
ously dismiss the methods of making 
these discoveries. In this section we 
can only touch on a few of the meth- 
odological problems that grow out of 
our earlier discussion, and on some re- 
lationships between psychoanalytic and 
experimental research. 


The Research Method 


In common with other psychological 
systems, the observables for psychoana- 
lytic theory are stimulus situations or 
the descriptions of stimulus situations 
and behavior or behavior descriptions. 
All other concepts are either hypotheti- 
cal constructs or intervening variables. 
In order to point out the direction 
which psychoanalytic research takes 
within this framework, let us consider 
the nature of the therapist’s activity as 
experimenter and empirical observer. 

The patient describes, in the course 
of therapy, a wide variety of situations 
including the therapeutic one. Simi- 
larly, he describes and manifests a wide 
variety of behaviors. One assumption 
that the therapist works with in form- 
ing his hypotheses is that all situations 
that involve the same behavior are 
functionally equivalent. For example, 
if a patient responds to a variety of 
self-described situations or to the thera- 
peutic situations with anger (or it may 
be twitching or weeping or withdrawal 
or descriptions of these), the therapist 
then forms a hypothesis which would 
relate these situations. By further ob- 
servations, questions, and interpreta- 
tions, he proceeds to check, modify, 
and extend his hypothesis. Thus he 
may observe that the behavior (or 
again, the patient’s description of his 
behavior) of anger follows situations 
(or descriptions of situations) where 
affectionate feelings are aroused in the 
patient. He hypothesizes this relation- 
ship to be invariant. If the patient 
then expresses anger toward him, the 
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therapist checks with the patient as to 
whether an unverbalized feeling of af- 
fection toward the therapist did not 
precede the angry outburst. Where his 
hypothesis fails to be confirmed, it is 
either completely or in some respect in 
error. Thus the therapist may, for ex- 
ample, modify the hypothesis to the 
form that there is an invariant relation- 
ship for this patient between affection- 
producing situations and anger in rela- 
tionships with women but not with men, 
or through further checking, the modi- 
fication may be of invariance in the 
case of women who behave in a seduc- 
tive manner, but not toward those who 
behave in a nonseductive manner and 
not toward men. On the other hand, 
a more extensive revision of the hy- 
pothesis may be necessary. Such is the 
case, for example, should the patient be- 
come angry not only in one of the above 
described situations, but also, let us 
say, when the therapist fails to keep 
an appointment or is inattentive. We 
are now in the position of maintaining 
that there is a realm of situations (Si, 
So...) which invariantly leads to re- 
sponse Ri, and that there is at least 
one other realm of situations (Sa, Ss 
_.., and perhaps Se Sau. A) which 
also leads to response Ri, but that the 
former realm of situations is not equiva- 
lent to the latter realm. If we are to 
maintain our working assumption of the 
functional equivalence of all situations 
that involve the same behavior, then we 
must modify the hypothesis on the be- 
havior side. Thus we may say that one 
realm of situations will produce response 
R, in a context of responses Re, Rs 

. . , and that another realm of situa- 
tions will produce response R, in a 
context of responses Ru, Ry owsa OU 
definition of behavior now considers a 
series of responses." 

18 The above discussion has dealt with the 


assumption of the psychological equivalence 
of objective situations leading to the same be- 
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The procedure we have discussed may 
at first glance seem to be overwhelm- 
ingly complicated. More than that, it 
may seem to the reader to be lacking in 
any sort of scientific rigor. Even were 
we to assume the objectivity of the 
therapist as observer, the pitfalls of the 
process are obvious. On the one hand 
our hypothesis can become so modified 
in terms of an increasingly refined de- 
scription, that it serves to describe only 
a single event. As such, the hypothesis 
may be true but scientifically useless. 
On the other hand, it may become so 
broad in its extensions that it says 
nothing more than that people will dem- 
onstrate behavior in response to envi- 
ronmental events. As such, this may 
be true, but again scientifically useless. 
The problem in using such a procedure 
is one of achieving parsimony and speci- 
ficity of prediction and is common to 
all science. 

Unlike many of our more nomothetic 
investigations, the procedure is based 
on strict scientific determinism. It is 
similar, perhaps, to the chemical analy- 
sis of an unknown compound. Various 
hypotheses are brought forward, various 
reagents and tests are employed, hy- 
potheses are modified and refined, and 
the goal is an accounting for all of the 
data with a minimal number of con- 
cepts. The table of elements, so to 
speak, and an accounting of their inter- 
actions are indeed unprecise in psycho- 
analytic theory, but there are guide- 
posts for the observer. These guide- 
Posts are to be found in the theory 
discussed earlier in this paper, and in 


havior. Similarly, a series of hypotheses can 
in much the same way be based on the as- 
sumption that different behaviors following 
the same objective situation are functionally 
equivalent. Since we are speaking of temporal 
sequences, the word “same” with respect to 
behavior or situation always involves a proxi- 
mate judgment of “roughly the same.” We 
shall touch on this issue below. Both as- 
sumptions are utilized in the temporal process 
of psychotherapy. 
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the genetic and structural theories of 
psychoanalysis. Thus the psychoana- 
lytic observer can gauge to some extent 
via a succession of temporal events: the 
degree and type of defensiveness in- 
volved in a given derivative behavior, 
the similarity among behaviors, the 
points at which anxiety and defenses 
against anxiety appear, the kinds of im- 
pulses which may be broadly involved. 
From the patient’s responses he can 
form tentative maps of the traces in- 
volved. From the genetic theory of 
such traces he derives hypotheses, and 
the empirical testing of these hypothe- 
ses leads to revision and refinement of 
the tentative mappings of traces. The 
investigation then extends to other pa- 
tients and to the formulation of broader 


hypotheses. Ideally, at least, there isa 


constant interaction between theory and 
data.*+ 


The Individual Case as a Source of 
Data 


As the above discussion implies, psy- 
choanalysis is based upon research that 
involves the long-term study of indi- 
vidual cases. At first blush it would 
seem that the case study could not be 
considered research data in the usual 
sense, for even in these days of small 
sample techniques, our methods are not 
capable of handling samples as small as 
one. If we look at the individual case 
from the standpoint of derivative the- 
ory, however, the perspective changes 
markedly. Here we are interested in 
the relationships among impulse, mem- 
ory trace, situation, anxiety, and de- 
fense, and within any one case repeated 
and stable patterns of these factors may 
be found. 

Problems of the psychoanalytic case 
study. General issues regarding case 
study methods have been discussed in 
the literature (1, 21). We wish, how- 


1A further discussion of the historical proc- 
ess of this interaction may be found in (19). 
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ever, to consider briefly some problems 
pertaining to the psychoanalytic case 
study as a method of developing and 
testing theories of behavior. There is 
one criticism frequently leveled against 
the use of such data for research pur- 
poses. First, since he has devoted so 
much time and energy to his training, 
the analyst looks for evidence to cor- 
roborate his favorite theory or sub- 
theory, and he will naturally be able to 
find it in the mass of data which the 
patient produces. Worse still, since his 
beliefs are so strong, he will influence 
the patient, either consciously or un- 
consciously, to produce corroborative 
evidence. These are points on which 
Freud admonished his followers (and 
also himself) over 40 years ago (10, 
pp. 326-328), and they are still worth 
thinking about. 

Freud’s answer was that if the ana- 
lyst is able to listen freely to the ma- 
terial presented by the patient (and he 
defined this sort of listening as a task 
corresponding to the patient’s free as- 
sociation—and as full of as many pit- 
falls), then he will obtain free and un- 
contaminated data upon which to build 
and test theories. Freud specifically 
warns the analyst regarding research 
biases which may affect the ability to 
listen freely. The therapeutic analysis 
of the analyst is an attempt to guaran- 
tee free listening for both therapeutic 
and research purposes, but no one 
would claim that this guarantee has al- 
ways worked out perfectly. 

A further criticism is that the dis- 
covery of lawful regularities in the be- 
havior of one individual is no indica- 
tion that the same regularities will be 
found in another individual. Only fur- 
ther study can decide to what extent 
the functions described are universally 
relevant. This limitation, however, in 
no way affects the “scientific” legiti- 
Macy of the single case study for the 
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formulation of psychological laws. We 
shall have more to say of this below. 


The Units of Behavior 


We have been speaking of associa- 
tions, dreams, parapraxes, symptoms, 
and the like as the raw data of psy- 
choanalytic research—in short, the be- 
haviors that make up the “material” 
with which the psychoanalyst works. 
We shall now examine more closely the 
nature of these behaviors as research 
data. 

Superficial consideration might lead 
one to think that the raw materials of 
psychoanalytic research are simple be- 
haviors. What makes things more com- 
plicated, however, is that psychoana- 
lysts are not interested in behaviors 
per se, but rather in what these be- 
haviors mean for the patient. From 
the psychoanalytic viewpoint any iso- 
lated behavior is likely to be meaning- 
less because it does not contain enough 
information to work with. The method 
that has been evolved is that of group- 
ing behaviors into sequences and using 
the sequences themselves as basic data. 
Let us take a clinical example. A pa- 
tient has headaches during her thera- 
peutic sessions. The headaches are so 
severe that she cannot pay attention to 
anything else—she forgets what she has 
been discussing before, and she can 
hardly hear what the therapist is say- 
ing. Confronted solely with this be- 
havior, neither the therapist nor the re- 
searcher can have much to say. it, 
however, one looks at the sequence of 
situations and behaviors in which head- 
aches appear as a single behavioral 
event, the specific behavior takes on 
meaning. In one interview the patient 
talks about a man in whom she is in- 
terested, then gets a headache, then be- 
comes angry that she cannot have a 
good time with people; in another in- 
terview she has physical sensations of 
warmth, feels light as though a weight 
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had been lifted from her shoulders, 
then gets a headache, then berates her- 
self for not being able to talk with the 
therapist about problems which are 
frightening to her. In these and other 
instances of the sequence, the mood 
changes from mild euphoria and excite- 
ment in the first phase, to pain in the 
second, to depression in the third. As 
such sequences cumulate and are con- 
sistent in their course, and as further 
material is added, we gain increasing 
evidence that in this case the headache 
serves at least two functions, one to 
distract the patient from thinking about 
things which may provoke anxiety, and 
another (and at a deeper level) to pun- 
ish her for thinking about forbidden 
things. 

As we gather data on different pa- 
tients who suffer from headaches, we 
may develop any of a number of hy- 
potheses. One of these may be, for ex- 
ample, that headaches are a reflection 
of aggression turned inward. In testing 
such hypotheses we are no longer di- 
rectly engaged in studying the processes 
involved in the occurrence of a specific 
behavior. We have in effect simply 
translated from behavior to impulse.*® 
The question of the adequacy of this 
or any other symbolic translation is an 
empirical one. Its confirmation depends 
upon, among other things, an adequate 
sampling of a given class of people (in 
this case, those who have headaches) . 
Tests of such hypotheses, while they are 
important to the study of the etiology 
of symptoms, tackle other problems in 
addition to those posed by the theory 
of derivatives. The relationship be- 
tween behavior sequence and uncon- 
scious conflict, as exemplified by the 
above patient with headaches, may hold 


18 The symbolic translation and the rela- 
tionship to data are even more obscure when 
we select a group of subjects, all of whom 
have headaches, for studying the relationship 
between aggression turned inward and a third 
factor. 
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for one person only or for all people 
with a given symptom. Within the 
general theory, it is conceivable, for ex- 
ample, that headaches bear a relation- 
ship with aggression turned inward for 
one patient, a relationship with libidini- 
zation of visual activities for another 
patient, and an organic factor in 4 
third. The problem is a legitimate em- 
pirical one, but only when intermediate 
steps between impulse and derivative 
are delineated will its investigation be 
crucial for psychoanalytic theory. Thus, 
for example, the fact that temperature 
elevation can be “caused” by any of 4 
number of disease organisms, or ca? 
occur even in the absence of such or- 
ganisms, does not “disprove” germ 
theory.?* 

Problems of behavior sequences. We 
turn now to some of the difficulties 10- 
volved in studying sequences of behav- 
ior rather than isolated units of behav- 
ior. First, the very complexity of such 
sequences makes for research difficulties. 
While observational techniques may Þe 
developed with respectable degrees of 
reliability for identifying a single be- 
havior, any unreliability that remains 
may be compounded if more than one 
behavior is studied at the same time- 
The reliability of judgment of the se 
quence itself, then, cannot be very high 
in the present state of the field. This 
difficulty is made even greater because 
many of the important sequences 19° 
volve interaction between two or mote 
people. To the extent that it provides 


16 A more directly psychoanalytic example E 
Erikson’s (4) study of the Yurok, a tribe. 
which there is very compulsive concern Tr 
holding onto money. Rather than translati! 
from concern with money to concern g ng 
feces, Erikson found the mode of “holdin 
onto” associated with oral rather than cos 
training in Yurok childhood. Erikson is €98, 
nizant of the fact that in using a differ, 
cultural sample he has not refuted findings | 
Western European cultures, but rather he ic 


extended the applicability of psychoanal” 
theory. 
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multiple samples of sequences, the long 
period of time involved in the psycho- 
analytic treatment situation does help 
in the matter of practical reliability. 
But even here, as Freud (16) pointed 
out, certain situations and behaviors 
may not occur with sufficient frequency 
to be understood or dealt with thera- 
peutically, within the course of a given 
analysis. If the researcher finds that 
the study of sequences of behavior an- 
swers important questions (or poses im- 
portant problems), then he will devote 
more effort to improving techniques for 
studying them. 

Another difficulty in the use of be- 
havior sequences for research is that of 
selecting those sequences which one con- 
siders important. Even though psycho- 
analysts have been making use of pat- 
ternings of behavior in their daily work 
for years, research is not oriented to- 
ward this sort of data, but rather to- 
ward the grouping of people accord- 
ing to classification systems that the 
researchers themselves claim to be 
outmoded. New classification schemes 
based on behavior sequences may even- 
tually be developed if this approach 
seems fruitful, but in the meantime the 
selection of problems for research will 
probably be haphazard and based on 
personal predilections, just as the selec- 
tion by the psychotherapist of behavior 
patterns for interpretation is to some 
extent based on personal theoretical 
likes and dislikes. 

Finally, how much should be in- 
cluded in a behavior sequence for re- 
search? Should it include two con- 
tiguous behaviors, three, or how many? 
And how closely should recurrences of 
the sequence correspond before they are 
called identical? We have touched upon 
these matters in the previous section on 
research method, but they remain basic 
Problems for psychology. 
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The Research Method as an Experi- 
mental Model 


The research model utilizing succes- 
sive hypotheses has rarely entered into 
psychological experiments. An experi- 
ment within this model would proceed 
through successive refinements of hy- 
potheses and through successive tests 
of these hypotheses. Any discrepancies 
from predicted results would lead to a 
modification of relationships postulated 
among the variables studied, or to an 
additional concept. Such an experiment 
might be conducted with only two sub- 
jects, where the statistical test might 
be the probability of a given ordering 
among the subjects over a series of ex- 
perimental situations. Any failure of 
the ordering would, however, lead to a 
re-examination of the hypotheses and 
to the introduction of a new series of 
experimental situations. From each suc- 
ceeding series of experiments, the in- 
vestigator would gain a more precise 
map of the operant variables. Such a 
procedure would in some ways resemble 
a chemical analysis, except that here 
we are interested in the relationships 
among variables rather than in the spe- 
cific subjects, and furthermore, that 
limitations in our techniques require 
most often the ordinal handling of data. 
Aside from its demands on ingenuity in 
the selection and development of experi- 
mental tests as a function of preceding 
data, such a procedure is crude, and 
we do not know precisely where it would 
lead. We are examining our variables 
and our subjects simultaneously, but if, 
as we believe, this is true of all psycho- 
logical investigations, then it is perhaps 
better that it be done systematically. 


SUMMARY 


In this paper we have tried to present 
an analysis of the structural relation- 
ships among concepts of psychoanalysis, 
as posed by the theory of derivatives. 
We have discussed aspects of the rela- 
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tionships among impulse, memory trace, 
anxiety, situation, and defense, and re- 
sultant derivative behavior. The final 
section of this paper considers the 
methodology from which this theory 
develops, and some implications of the 
theory and the methodology for re- 
search. 
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A DECISION-MAKING THEORY OF VISUAL DETECTION + 


WILSON P. TANNER, JR. AND JOHN A. SWETS 
University of Michigan 


This paper is concerned with the 
human observer’s behavior in detect- 
ing light signals in a uniform light 
background. Detection of these sig- 
nals depends on information trans- 
mitted to cortical centers by way of 
the visual pathways. An analysis is 
made of the form of this information, 
and the types of decisions which can 
be based on information of this form. 
Based on this analysis, the expected 
form of data collected in ‘‘yes-no” 
and “forced-choice” psychophysical 


-experiments is defined, and experi- 


ments demonstrating the internal con- 
sistency of the theory are presented. 

As the theory at first glance appears 
to be inconsistent with the large quan- 
tity of existing data on this subject, 
it is wise to review the form of these 
data. The general procedure is to 
hold signal size, duration, and certain 
other physical parameters constant, 
and to observe the way in which the 
frequency of detection varies as a 
function of intensity of the light sig- 
nal. The way in which data of this 
form are handled implies certain un- 
derlying theoretical viewpoints. 

In Fig. 1 the dotted lines represent 
the form of the results of hypothetical 
experiments. Consider first a single 
dotted line. Any point on the line 
might represent an experimentally 
determined point. This point is cor- 
rected for chance by application of the 
usual formula: 


pets [1] 


1 This paper is based on work done for the 
U. S. Army Signal Corps under Contract No. 
DA-36-039 sc-15358. The experiments re- 
ported herein were conducted in the Vision 
Research Laboratories of the University of 
Michigan. 


where p’ is the observed proportion of 
positive responses, p is the corrected 
proportion of positive responses, and 
c is the intercept of the dotted curve 
at AJ = 0. 


py) 


Fic. 1. 


Conventional seeing frequency 
or betting curve 


Justification of this correction de- 
pends on the validity of the assump- 
tion that a “false alarm” is a guess, 
independent of any sensory activity 
upon which a decision might be based. 
For this to be the case it is necessary 
to have a mechanism which triggers 
when seeing occurs and which becomes 
incapable of discriminating between 
quantities of neural activity when 
seeing does not occur. Only under 
such a system would a guess be equally 
likely in the absence of seeing for all 
values of signal intensity. The ap- 
plication of the chance correction to 
data from both yes-no and forced- 
choice experiments is consistent with 
these assumptions. 

The solid curve represents a “true” 
curve onto which each of the dotted, 
or experimental, curves can be mapped 
by using the chance correction and 
proper estimates of “c. The param- 
eters of the solid curve are assumed 
to be characteristic of the physiology 
of the individual’s sensory system, 
independent of psychological control. 
The assumption carries with it the 
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notion that if some threshold of neural 
activity is exceeded, phenomenal see- 
ing results. 

To infer that the form of the curve 
representing the frequency of seeing 
as a function of light intensity is the 
same as the curve representing the 
frequency of seeing as a function of 
neural activity is to assume a linear 
relationship between ‘neural activity 
and light intensity. Efforts to fit 
seeing frequency curves by normal 
probability functions suggest a pre- 
disposition toward accepting this as- 
sumption. 


A New THEORY or VISUAL 
DETECTION 


The theory presented in this paper 
differs from conventional thinking 
about these assumptions. First, it is 
assumed that false-alarm rate and 
correct detection vary together. Sec- 
ondly, neural activity is assumed to 
be a monotonically increasing func- 
tion of light intensity, not necessarily 
linear. A more specific statement 
than this is left for experimental 
determination. 


ONSPLAY, 
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Fic, 2. Block diagram of the visual channel 


Figure 2 is a block diagram of the 
visual pathways showing the major 
stages of transmission of visual infor- 
mation. All the stages prior to that 
labelled “cortex” are assumed to func- 
tion only in the transmission of infor- 
mation, presenting to the cortex a 
representation of the environment. 
The function of interpreting this in- 
formation is left to mechanisms at the 
cortical level. 

In this simplified presentation, the 
displayed information consists of neu- 


ral impulse activity. In the case 
under consideration, in which a signal 
is presented at a specified time in a 
known spatial location, the same 
restrictions are assumed to exist for 
the display. Thus, if the observer is 
asked to state whether a signal exists 
in location A at time B, he is as- 
sumed to consider only that informa- 
tion in the neural display which refers 
to location A at time B. 

A judgment on the existence of a 
signal is presumably based on a 
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Fic. 3. Hypothetical distributions of noise 
and signal plus noise 


measure of neural activity. There 
exists a statistical relationship be- 
tween the measure and signal inten- 
sity. That is, the more intense the 
signal, the greater is the average of 
the measures resulting. Thus, for 
any signal there is a universe distribu- 
tion which is in fact a sampling dis- 
tribution. It includes all measures 
which might result if the signal were 
repeated and measured an infinite 
number of times. The mean of this 
universe distribution is associated 
with the intensity level of the signal. 
The variance may be associated with 
other parameters of the signal such 
as duration or size, but this is beyond 
the scope of this paper. f 
Figure 3 shows two probability dis- 
tributions: N represents the case 
where noise alone is sampled—that is, 
no signal exists—and S + N, the case 
where signal plus noise exists. The 
mean of N depends on background 
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intensity; the mean of S+ N on 
background plus signal intensity. The 
variance of N depends on signal 
parameters, not background param- 
eters in the case considered here; 
that is, where the observer knows a 
priori that if a signal exists then it is 
a particular signal. From the way 
the diagram is conceptualized, the 
greater the measure, (M), the more 
likely it is that this sample represents 
asignal. But one can never be sure. 
Thus, if an observer is asked if a 
signal exists, he is assumed to base 
his judgment on the quantity of 
neural activity. He makes an obser- 
vation, and then attempts to decide 
whether this observation is more 
representative of N or of S + N. His 
task is, in fact, the task of testing a 
statistical hypothesis. 

The ideal behavior, that which 
makes optimum use of the information 
available in this task, is defined 
mathematically by Peterson and Bird- 
sall (2). The mathematics and sym- 
bols used are theirs, unless otherwise 
stated. The first case considered is 
the yes-no psychophysical experiment 
in which a signal is presented at a 
known location during a well-defined 
interval in time. This corresponds to 
Peterson and Birdsall’s case of the 
signal known exactly. 

For mathematical convenience, it is 
assumed that the distributions shown 
in Fig. 3 are Gaussian, with variance 
equal for N and all values of S + N. 
Experimental results suggest that 
equal variance is not a true assump- 
tion, but that the deviations are not 
great enough to justify the incon- 
venience of a more precise assumption 
for the purpose of this analysis. 

It is also assumed that there is a 
cutoff point such that any measure of 
neural activity which exceeds that 
cutoff is in the criterion; that is, any 
value exceeding cutoff is accepted as 
representing the existence’of a signal, 


ie | 


E 
| 


su 


o o oz os os os ose oF 00 oF 10 
raa 


- 4 i | 
mo entew scare amr 

Fıc. 4. Psy(A) vs. Py(A). The criterion 
scale shows the corresponding criteria ex- 
pressed in terms of on from My. 


and any value less than the cutoff 
represents noise alone. Again, for 
mathematical convenience, the cutoff 
point is assumed to be well defined 
and stable. The justification for 
accepting this convenience is twofold : 
first, such behavior is statistically 
optimum, and second, if absolute sta- 
bility is physically impossible, any 
lack of definition or random insta- 
bility throughout an experiment has 
the same effect mathematically as 
additional variance in the sampling 
distributions. 

Now, consider the way in which 
the placing of the cutoff affects be- 
havior in the case of a given signal. 
In the lower right-hand corner of 
Fig. 4 the distributions N and S+ N 
are reproduced for a value of d’ = 1. 
The parameter d’ is the square root 
of Peterson and Birdsall’s d. The 
square root of d is more convenient 
here; d’ is the difference between the 
means of N and S + N in terms of the 
standard deviation of N. The cri- 
terion scale is also calibrated in terms 
of the standard deviation of N. On 
the abscissa there is Py (A), the prob- 
ability} that, if no_signal exists, the 
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measure will be in the criterion, and 
on the ordinate, Psy(A), the prob- 
ability that if a signal exists, the 
measure will be in the criterion. 

If the cutoff is at — œ, all measures 
are in the criterion: Py(A) = Psy(A) 
=1. At —1 standard deviation, 
Py(A) = .84,and Psy(A) = .98. At 
0, Py(A) =.5 and Psy(A) = .84, 
At +1, Py(A) = .16 and Psy(A) 
= .5; and for +% Py(A) = Psy(A) 
= 0. Thus, for d’ =1 this is the 
curve showing possible detections for 
each false-alarm rate. The curve 
represents the best that can be done 
with the information available, and 
the mirror image is the curve of worst 
possible behaviors. 

The maximum behavior in any 
given experiment is a point on this 
curve at which the slope is B where 


1—P(SN) (Vw-ca+Kv.s) 2 
P(SN) (Vsw-at+Ksy.ca) [2] 


P(SN) is the a priori probability that 
the signal exists, Vy.ca is the value of 
a Correct rejection, Ky.4 the cost ofa 
false alarm, Vgsy.4 the value of a 
Correct detection, and Ksy.ca is the 
cost of a miss. Thus, as P(SN) or 
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assuming the guessing hypothesis 


Vsy-a increases, or Ky.4 decreases, B 
becomes smaller, and it is worth while 
to accept a higher false-alarm rate in 
the interest of achieving a greater 
percentage of correct decisions. 

Figure 5 shows a family of curves 
of Psy(A) vs. Py(A) with d’ as a 
parameter. For values of d’ greater 
than 4, detection is very good. This 
is to be compared with the predictions 
of the conventional theory shown in 
Fig. 6 with Py (A) assumed to repre- 
sent guesses. For each value of d’ it 
is assumed that there is a true value 
of Psy(A) either for Py(A) = 0 or 
for some very small value. The 
chance correction should transform 
each of these to horizontal lines. 
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Fic. 7. P(A) as a function of d' 
assuming the theory 
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Another way of comparing the pre- 
dictions of this theory with those of 
conventional theory is to construct 
the so-called betting curves, or curves 
showing the predicted shape of the 
psychophysical function. These are 
shown in Fig. 7, where P(A), the 
probability of acceptance, is plotted 
asa function of d’. These curves will 
not map onto the same curve by the 
application of the chance correction. 
The shift is horizontal rather than 
vertical. The dotted portions of the 
curve show that we are dealing with 
only a part of the curve, and thus, in 
the terms of this theory, it is improper 
to apply a normalizing procedure such 
as the chance-correction formula to 
that part of the curve. 

In the forced-choice psychophysical 
experiment, maximum behavior is 
defined in a different way. In the 
general forced-choice experiment, the 
observer knows that the signal will 
occur in one of n intervals, and he is 
forced to choose in which of these 
intervals it occurs. The information 
upon which his decision is based is 
contained in the same display as in 
the case of the yes-no experiment, 
and, presumably, the values of d’ for 
any given light intensity must be the 
same. While the solution of this 
problem is not contained in their 
study, Peterson and Birdsall have 
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assisted greatly in determining this 
solution. The probability that a cor- 
rect answer P (C) will result for a given 
value of d’ is the probability that one 
sample from the S + N distribution 
is greater than the greatest of n — 1 
samples from the distribution of noise 
alone. The case in which four inter- 
vals are used is the basis for Fig. 8. 
This figure shows the probability of 
one sample from S + N being greater 
than the greatest of three from N. 
For a given value of d’ this is 


P= f [3] 


where F(x) is the area of N and g(x) 
is the ordinate of S+ N. In Fig. 8 
P(C), as determined by this integra- 
tion, is plotted as a function of d’ for 
the equal-variance case. 


F(x)°g(x)dx, 


CRITERION OF INTERNAL 
CONSISTENCY 


These two sets of predictions are 
for the standard experimental situa- 
tions. They are based on the same 
neurological parameters. Thus, if the 
parameters, that is, d's, are estimated 
from one of the experiments, these 
estimates should furnish a basis for 
predicting the data for the other 
experiment if the theory is internally 
consistent. An equivalent criterion 
of internal consistency is that both 
experiments yield the same estimates 


of d’. 
EXPERIMENTAL DESIGN 


Experiments were conducted to test ‘this 
internal consistency, using three Michigan 
sophomores as observers. All the experi- 
ments employed a circular target 30 minutes 
in diameter, 1/100 second in duration, on a 
10-foot-lambert background. Details of the 
experimental procedure and the laboratory 
have been published by Blackwell, Pritchard, 
and Ohmart (1). 

The observers were trained in the temporal 
forced-choice experiment. The signal ap- 
peared in a known location at one of four 
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pecified times, and the observers were forced 
5 Sone the time at which they thought the 
signal occurred. Five light intensity incre- 
ments were used here, with 50 observations 
per point per experimental session. The last 
two of these sessions were the test sessions, so 
that each forced-choice point in the analysis 
is based on 100 experimental observations. 

Following the forced-choice experiments, 
there was a series of yes-no experiments 
under the same experimental conditions, 
except that only four light intensity incre- 
ments were used. These were the same as 
the four greatest intensities used in the forced- 
choice experiments, reduced by adding a .1 
fixed filter. In the first four of these sessions, 
two values of a priori probabilities, P(SN) 
equal to .8 and .4, were used. The observers 
were informed of the value of P(SN) before 
each experimental session. No values or 
costs were incorporated in these four sessions, 
which were thus excluded from the analysis 
as practice sessions. 

The test experiments consisted of 12 ses- 
sions in each of which all of the information 
necessary for the calculation of a 6 (the best 
best possible decision level) was furnished the 
observers. While they did not know the 
formal calculation of $, that they knew the 
direction of cutoff change indicated by a 
change in any of these factors was suggested 
by the fact that the obtained values of Py(A) 
varied approximately with changes in the 
information given them. The values and costs 
were made real to the observers, for they were 
actually paid in cash. It was possible for 
them to earn as much as two dollars extra 
in a single experimental session as a result of 
this payment. 

The first four sessions each carried the same 
value of 8 as P(SN) = .8 and the same pay- 
ment was maintained. A high value of 
Py(A), or false-alarm rate, resulted. In the 
next four sessions with P(SN) held at .8, 
Ky.a and Vy.ca were gradually increased 
from session to session (not within sessions) 
until Py(A) dropped to a low value. Then 
P(SN) was dropped to .4, and Kya and 
Vy.ca were reduced so that for the thirteenth 
session Py(A) stayed low. The last three 
sessions successively involved increases in 


Vs.va and Ksy.ca, again forcing Py(A) 
toward a higher value. 


RESULTS 


Figures 9 and 10 show scatter dia- 
grams of Psy(A) vs. Py(A) for a 
particular intensity of signal and for 
a single observer. These scatter dia- 
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Fic. 9. A scatter diagram of Psy (4) 
vs. Py(4) 
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Fic. 10. A scatter diagram of Psy (4) 
vs. Py(A) 


grams can be used to estimate d’. In 
Fig. 9 the estimate of d’ is .7. In 
Fig. 10, the estimate of d’ is 1.3. 
Each d’ estimated in this way is 
based on 560 observations. A pro- 
cedure similar to this was used for the 
d's for each of four signals for each 
of the four observers. 

In the forced-choice experiment the 
estimates of d’ are made by entering 
our forced-choice curve (Fig. 8), using 
the observed percentage correct as an 
estimate of P(C). Figure 11 shows 
log d’ as a function of log signal in- 
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Fic, 12. Log d’ vs. Log AJ for Observer 2 
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Fic. 13. Log d’ vs. Log AI for Observer 3 


tensity for the first observer, the esti- 
mates of d’ being from both forced- 
choice and yes-no experiments. In 
general the agreement is good. The 
deviation of the forced-choice point 
at the top can be explained on the 
basis of inadequate experimental data 
for the determination of the high 
probability involved. The deviation 
of the low point is unexplained. Fig- 
ure 12 is the same plot for the second 
observer, showing about the same 
picture. Figure 13 is for the third 
observer, showing not quite as good a 
fit, but nevertheless satisfactory for 
psychological experiments. For this 
observer, the lowest point for forced 
choice is off the graph to the right of 
the line. 

Figures 14, 15, and 16 show the 
predictions for forced-choice data 
(when yes-no data are used to esti- 
mate d’) for the three observers. 
Note that the lowest point is on the 
curve in both of the first two cases, 
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Fic. 14. Prediction of forced-choice data 
from yes-no data for Observer 1 


Fic. 15. Prediction of forced-choice data 
from yes-no data for Observer 2 


Fic. 16. Prediction of forced-choice data 
from yes-no data for Observer 3 


suggesting that the deviation which 
appeared on the curves in Fig. 11, 12, 
and 13 is not significant. 
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Discussion 


The results satisfy the criterion of 
internal consistency. The theory also 
turns out to be consistent with the 
vast amount of data in the literature, 
for, when the d’ vs. AJ function for 
any one of the observers is used to 
predict probability of detection as a 
function of AJ in terms of this theory, 
the result closely approximates the 
type of curve frequently reported. 
Shapes of curves thus furnish no basis 
for selecting between the two theories, 
and a decision must rest on the other 
arguments. 

According to conventional theory, 
application of the chance correc- 
tion should yield corrected values 
of Psy(A) which are independent 
of Py(A), or should yield corrected 
thresholds in the conventional sense 
which are independent of Py(A). 
Rank-order correlations for the three 
observers between Py(A) and cor- 
rected thresholds (.30, .71, .67) are 
highly significant; the combined 
p < .001. This is a result consistent 
with theory presented here. 

Another method of comparison is 
to fit the scatter diagrams (Fig. 9 
and 10) by straight lines. According 
to the independence theory, these 
straight lines should intercept the 
point (1.00, 1.00). Sampling error 
would be expected to send some of the 
lines to either side of this point. 
There are 12 of these scatter diagrams, 
and all 12 of these lines intersect the 
line Psy(A) = 1.00 at values of Py(A) 
between 0 and 1.00 in an order which 
would be predicted if these lines were 
arcs of the curves Psy (A) vs. Py (A) 
as defined by the theory of signal 
detectability. 

Two additional sessions were run 
in which the observers were permitted 
three categories of response (yes, no, 
and doubtful), and were told to be 
sure of being correct if they responded 
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either yes or no. Again, two a priori 
probabilities (.8 and .4) were em- 
ployed, and again Py(A) was cor- 
related with P(SN). The observers, 
interviewed after these sessions, re- 
ported that their “‘yes’’ responses were 
based on “phenomenal” seeing. 

This does not mean that the ob- 
servers were abnormal because they 
hallucinated. It suggests, on the 
other hand, that phenomenal seeing 
develops through experience, and is 
subject to change with experience. 
Psychological as well as physiological 
factors are involved. Psychological 
“set” is a function of 6, and after 
experience with a given set one begins 
to see, or not to see, rather auto- 
matically. Change the set, and the 
level of seeing changes. The experi- 
ments reported here were such that 
the observers learned to adjust rapidly 
to different sets. 


CONCLUSIONS 


The following conclusions are ad- 
vanced: (a) The conventional con- 
cept of a threshold, or a threshold 
region, needs re-evaluation in the 
light of the present theory that the 
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visual detection problem is the prob- 
lem of detecting signals in noise. 
(b) The hypothesis that false alarms 
are guesses is rejected on the basis of 
statistical tests. (c) Change in neural 
activity is a power function of change 
in light intensity. (d) The mathe- 
matical model of signal detection is 
applicable to problems of visual de- 
tection. (e) The criterion of seeing 
depends on psychological as well as 
physiological factors. In the experi- 
ments reported here the observers 
tended to use optimum criteria. (f) 
The experimental data support the 
assumption of a logical connection 
between forced-choice and yes-no 
techniques developed by the theory. 
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ON ABELSON’S CRITICAL COMMENT 


DAVID BAKAN 


University of Missouri 


Abelson’s paper (1) leads me to con- 
clude that either the original paper (2) 
is very unclear, or Abelson misunder- 
stood it, or both. Under any circum- 
stances, given what seems to be his un- 
derstanding of it, he has indeed been 
very gracious in his criticism; for that 
which he attributes to the paper makes 
it patently absurd. 

Essentially he has ascribed his own 
definitions, and at least one additional 
assumption, to the original develop- 
ment and, very understandably, finds 
that this leads to difficulties. 

In the original paper P(g) is used in 
the sense of the strength of g, in much 
the same way as Thorndike thought of 
the strength of a connection (2, p. 368). 
If g is the “what is learned” (2, p. 362), 
P(g) is the degree of it. It appears 
likely, particularly in view of Abelson’s 
misinterpretation, that this was perhaps 
not sufficiently explicated in the original 
paper. 

Abelson defines P(g) as “the prob- 
ability that the organism is in the con- 
dition g” (1, p. 276). It is difficult to 
conceive of a definition more at vari- 
ance with both the intent and the con- 
tent of the original paper. By his defi- 


nition the locus of P(g) is outside the 
organism. He is distinctly in error 
when he attributes an outside-the-or- 
ganism P(g), in this simple sense, to 
“Bakan’s model” (1, p. 278). The 
outside-the-organism P(g) stems rather 
from his definition of P(g). 

A similar straw man which he sets up 
for criticism is contained in his phrase, 
“If we take seriously Bakan’s formula- 
tion, which allows only two conditions 
for the organism, g and ‘not-g’. . .” 
(1, p. 277). It is certainly true that 
the paper centers around g and 7, but 
no one has ever concluded that there 
are only two kinds of animals because 
the animal universe may be divided into 
horses and not-horses. No two-g as- 
sumption is made in the paper at all. 
The conclusions that Abelson derives 
based on this assumption are interest- 
ing, but they are his own. 
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